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Abstract 
 Recirculating aquaculture systems (RAS) produce aquaculture products on land 
with minimal discharge of waste products and minimal water loss. High costs associated 
with waste treatment for RAS have triggered the growth of integrated aquaculture 
systems (IAS) which incorporate macrophytes (aquatic plants) into the treatment train. 
The objective of this research was to examine a pilot scale inland marine IAS with three 
different methods for solids treatment: a sand filter followed by a plant bed, only a plant 
bed, and geotextile bags. Florida Pompano (Trachinotus carolinus) were grown along 
with Smooth Cordgrass (Spartina alterniflora), Black Needle Rush (Juncus romerianus), 
and Red Mangrove (Rhizophora mangle). Between May 2011 and April 2012, water 
quality was tested at seven points located throughout the IAS for total suspended solids 
(TSS), chemical oxygen demand (COD), total nitrogen (TN), ammonium (NH4+), nitrate 
(NO3-), total phosphorus (TP), and orthophosphate (PO43-) concentrations every 4 to 6 
weeks. Plant and soil samples were collected three times and analyzed for total nitrogen 
and total phosphorus. A statistically significant difference in the effluent concentrations 
for the three treatments was not found; however, due to the recombination of effluent 
from the solid treatments and the variability inherent in a pilot scale system it was 
difficult to isolate the individual efficiencies of each treatment. Therefore, on average the 
complete system achieved COD and TSS removal efficiency of 59% and 88%, 
respectively and TN and TP removal efficiency of 48% and 19%, respectively. Nutrient 
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uptake by plants did not vary significantly between the plant beds. In general, the system 
provided sufficient nutrient removal for safe fish production, and the fish provided 
enough nutrients for ample plant growth.  
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Chapter 1: Introduction 
 Globally, fisheries account for $102 billion in exports, employ 180 million 
people, and provide a significant source of protein in the human diet, especially in 
developing countries (FAO, 2010). Technological advances in the 1970s and 80s allowed 
for a spike in production of wild caught fish. Increased production was fueled by greater 
demands for fish products, shown by a near doubling of consumption since the 1970s, 
with 90% of the growth due to increased demand in developing countries (Delgado, 
2003). Despite the improvements in capture methods, global wild caught fish production 
has remained stable since the 1990s, at about 70 million metric tons (Figure 1.1). The 
Figure 1.1: Global fish production and human population growth (FAO, 2010; U.N., 
2010). 
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stable production is indicative of the unsustainable practices, which resulted in the 
collapse of approximately one in four fisheries between 1950 and 2000 (Mullon et al., 
2005). Production cannot increase and is likely to decline as resources are quickly being 
depleted due to overfishing, threatening an industry that millions rely on.  
 In order to fill gaps in production and meet global demands left unmet by stagnant 
capture fisheries, the aquaculture industry has rapidly expanded. Aquaculture refers to the 
culture of aquatic organisms for food (Asche, 2010). From 1990 to 2009, fish production 
from this industry increased by about 300% (FAO, 2008). However, intensive coastal 
aquaculture systems also raise environmental concerns. Intensive systems can deplete 
water quality, modify habitats, collect wild seed stocks, introduce exotic species and/or 
pathogens, tax water and energy resources, and pollute waters with chemicals (Naylor et 
al., 2000). The U.S. commercial fishing and aquaculture industries are further threatened 
by events such as the 2010 Deepwater Horizon spill in the Gulf of Mexico and the 
increasing number of coastal zones that are hypoxic and euthrophic. In addition to 
impacting the environment and people’s livelihoods, water quality degradation harms 
human health. These dangers are reflected in warnings about seafood consumption due to 
contaminants (e.g. mercury), which accumulate in fish tissue over time (Solomon, 2010).  
 Inland recirculating aquaculture is potentially a more sustainable alternative to 
capture fisheries and intensive coastal aquaculture practices if we are to feed the 
increasing world population. It minimizes the potential for water quality degradation and 
eliminates fish exposure to contaminants, consequently reducing human exposure due to 
seafood consumption (Tal et al., 2009). In-land aquaculture can also shield communities 
from the economic hardship of resource degradation as experienced by Gulf communities 
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after the spill. The vulnerability of our food security to such disasters and widespread 
impairment of U.S. water resources (EPA, 2008, 2009) combined with the 14.2 billion 
dollars spent importing fisheries products in 2008 (FAO, 2012) makes a strong case for 
the development of sustainable in-land aquaculture in the United States.  
 Closed-containment aquaculture systems have grown in popularity as a more 
sustainable method of intensive aquaculture (Ayer and Tyedmers, 2009). In particular, 
recirculating aquaculture systems (RAS) minimize water discharge due to mechanical 
and biological treatment allowing water to be recycled continuously (Martins et al., 
2010). Typically these systems rely on bacterial biofilters for nitrification and mechanical 
filtration for solids removal (van Rijn, 1996). However the technology involved can be 
complicated and expensive, thus widespread development of RAS is limited by the cost 
of water treatment and biosolids disposal (Neori et al., 2004). 
 Rather than disposing of the nutrient rich biosolids from water treatment 
processes, they can be used to grow plants and algae, which also act as biofilters (Brown 
et al., 1999).  Incorporating plants into the system mimics the natural ecosystem, reduces 
the need for mechanical treatment, and produces an agricultural byproduct thereby 
increasing the sustainability of RAS. Connecting plants to RAS in this way is often 
referred to as integrated aquaculture systems, or IAS. 
 IAS can be marine or freshwater, with plant selection depending on the salinity of 
the water. Marine systems have commonly used macroalgae (seaweeds) as biofilters 
because they are highly productive and are capable of assimilating a significant amount 
of inorganic nitrogen and phosphorous (Gao and McKinley, 1994). In the early 1990s at 
the National Center for Mariculture in Eilat, Israel, some of the first marine IAS were 
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operated successfully using macroalgae to mitigate accumulation of harmful fish waste 
products (Neori et al., 1996). Shipgel and Neori (1996) concluded that a marine 
integrated system could cover operational expenses, while producing a profit. 
 Concurrently, exploration of freshwater IAS was explored at the University of the 
Virgin Islands Agricultural Experiment Station on St. Croix (Rakocy, n.d.). In this 
system, freshwater fish were produced in a system connected to hydroponically grown 
vegetables. Solids removal combined with hydroponic vegetable production effectively 
maintained water quality to allow for continuous water recirculation. Economic studies 
demonstrated that this system could be profitable depending on the size of the facility 
(Bailey et al., 1997). 
  IAS, also known as aquaponics, is a rapidly expanding method of in-land 
aquaculture. Industry growth has largely been driven by a large hobbyist and backyard 
enthusiast movement. A pilot marine IAS is located in Sarasota, FL at Mote Aquaculture 
Research Park (MAP). The system began operating in 2010 producing Florida Pompano 
(Trachinotus carolinus), a high value marine fish, and coastal wetland plants including: 
Smooth Cordgrass (Spartina alterniflora), Black Needle Rush (Juncus romerianus), and 
Red Mangrove (Rhizophora mangle). Operating for over 10, years MAP has significant 
experience with land-based RAS technology maintaining both fresh and saltwater RAS. 
The plants were supplied by Aquatic Plants of Florida (APF), which has been producing 
plants for wetland restoration since 1994.  
  The experimental system at MAP incorporated a wastewater treatment system 
with a RAS. The biosolids collected by a drum filter were treated in one of three different 
wastewater treatment systems. The treatment methods included: (1) a sand filter to 
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remove solids, followed by a plant bed, operated as a hybrid horizontal subsurface flow 
(HSSF)/free water surface (FWS) wetland; (2) a plant bed operated as a HSSF/FWS 
wetland; (3) a geotexile bag that removed and concentrated solids. The effluent from each 
method was recombined and passed through a moving bed bioreactor (MBBR) and 
disinfection system, the main methods for ammonium and nitrite removal, ensuring 
suitable water quality for the fish. While three biosolid treatment methods were explored, 
all three were connected to the same set of fish tanks, drum filter, and MBBR.  
 The overall purpose of this study was to demonstrate the feasibility of biosolids 
treatment with macrophytes as opposed to simply collection and disposal. Within that 
goal there were four objectives:  
1. Compare the three solids treatment methods in terms of nutrient removal efficiencies 
and determine if there was a significant difference between methods. 
2. Compare treatment efficiencies in the experimental system to efficiencies of similar 
systems. 
3. Calculate and compare the quantities of nitrogen and phosphorus removed through 
plant uptake and soil adsorption from both plant beds. 
4. Create a basic mass balance for both plant beds and determine the major pathways of 
nitrogen and phosphorous removal.  
 In this thesis, is first a literature review covering topics relevant to the study 
including information on aquaculture, RAS, IAS, and constructed wetlands. Next is a 
description of the materials and methods used to address the research questions. Then the 
results are presented with simultaneously with the discussion. The thesis ends with some 
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final conclusions about the project. Several appendices include specific methods used and 
the raw data collected during the study. 
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Chapter 2: Literature Review 
2.1 Aquaculture 
 Aquaculture is the practice of farming aquatic organisms; it can be used to 
produce both plants and animals. Aquaculture techniques vary and can be divided into 
two general categories linked to intensity of practice: extensive and intensive. The 
classification of intensity is based on the amount of biomass within the system and the 
amount of manipulation required to maintain desired biomass density (Midlen and 
Redding, 1998). Extensive aquaculture uses minimal inputs or minimal human 
manipulation thereby operating with a lower total biomass. Intensive aquaculture 
practices require extensive human manipulation but can operate with high densities of 
biomass.  Between these two broad categories a continuum of different production 
methods exist (Figure 2.1).   
 Aquaculture systems can also be distinguished by the way system water contacts 
the environment, defined as either open or closed. An open system discharges water to 
another water body. It can be either a pond or a flowing system, but some sort of water 
exchange with the environment occurs, resulting in an effluent discharge (Stickney, 
1994). Closed systems utilize some sort of treatment mechanism, which allows these 
systems to reuse a majority of the water rather than emitting it directly to the environment 
(Cottee and Petersan, 2009). 
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Figure 2.1: Continuum of aquaculture production methods (adapted from Stickney, 
1994). 
 Intensive systems can be either open or closed. As the production methods 
become more intensive greater quantities of waste are produced. Depending on the fish 
species, large quantities of fishmeal might be needed to support high biomass densities 
leading to production of waste (Naylor et al., 2000). Intensive aquaculture practices can 
further exacerbate negative environmental impacts through habitat modification, 
collection of wild seed stocks, introduction of exotic species and/or pathogens, taxation 
of water and energy resources and pollution of waters with nutrients and other chemicals 
(Naylor et al., 2000). Closed intensive aquaculture systems provide the opportunity to 
reduce or eliminate many of these environmental concerns and recirculating aquaculture 
systems (RAS) hold this potential.  
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2.2 Recirculating Aquaculture Systems 
 RAS are intensive land based systems where fish are grown in tanks and the 
effluent is treated via, physical, chemical, and biological waste treatment systems. These 
systems can achieve up to 85 to 99 % of the treated water being continuously recycled 
back to the tanks nearly eliminating discharge (Badiola et al., 2012; Wik et al., 2009). 
Water stressed areas, such as Israel and parts of the United States, have used RAS as a 
method to intensify fish production without stressing water resources (van Rijn, 1996). 
Hawaii is also an area that has restricted freshwater use for aquaculture forcing the 
industry to explore RAS as an alternative (Asano, 2003). 
 A typical intensive aquaculture system will include aeration, oxygenation, and 
solids removal; however, the addition of biofiltration allows for recirculation in RAS 
(Piedrahita, 2003).  The major purpose of the biofilter is to remove ammonium through 
nitrification. One of the most toxic compounds for fish is ammonia.  When ammonia 
levels are high, blood is less able to transport oxygen and ultimately results in fish kills 
(Chien, 1992).  Unionized ammonia (NH3) is the most toxic form, although both 
unionized and ionized ammonia (NH4+) forms can be deadly.  Toxic values for ammonia 
depend on species, but on average acute toxicity values for freshwater fish are 2.79 mg/L 
NH3 and 1.86 mg/L NH3 for saltwater fish (Randall and Tsui, 2002). 
 Biofilters utilize a consortium of bacteria immobilized on the surface of a biofilm 
carrier media. While a diverse microbial community is present on the media, the growth 
of the organisms responsible for nitrification are critical for ammonium removal. 
Nitrification occurs in a two step process. First, ammonium oxidizing bacteria convert 
ammonium (NH4+) to nitrite (NO2-) as shown in Equation 1. In the second step, nitrate 
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oxidizing bacteria convert NO2- to nitrate (NO3-), as shown in Equation 2. Through this 
process the harmful ammonium and nitrite are oxidized allowing for the recirculation of 
aquaculture water.  
NH4+ + 1.5 O2 → NO2- + 2H+ + H2O [1] 
NO2- + 0.5O2 → NO3- [2] 
 Several different biofilter configurations can be used for nitrification including: 
moving bed bioreactors, trickling filters, submerged filters, rotating biological contractors 
(RBC), fluidized bed reactors, and bead filters (Crab et al., 2007; Midlen and Redding, 
1998; van Rijn, 1996).  Other forms of biofilters that utilize plants or algae have also 
been used successfully to remove ammonium and other nutrients with intensive 
aquaculture systems (van Rijn, 1996). 
 While functional, bacterial biofilters are expensive to operate and high value fish 
species must be cultivated in order to offset the costs of the biofilter (Zucker, 1999). The 
high capital costs and the operation and maintenance costs associated with water 
treatment and recirculation have prevented rapid growth of this more sustainable 
aquaculture technique (Martins et al., 2010). Using plants and algae in combination with 
the biofilter instead can reduce the costs of water treatment and provide additional 
opportunities for revenue (Graber and Junge, 2009; Neori et al., 2004). The use of plants 
or algae for bioflitration in this way is often referred to as an integrated aquaculture 
system (IAS).  
2.3 Polyculture 
 Incorporating multiple species into aquaculture systems is not a new concept. 
Originating in Asia, freshwater polyculture has been practiced for over 2400 years (Chen 
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et al., 1995). Freshwater polyculture involves stocking multiple species in the same area; 
each species occupies a complementary niche, which helps maintain water quality 
(Stickney, 1994). A complete food-web operates within the pond or cage culture. The 
cycle begins with primary producers (algae and macrophytes). The next level is 
comprised of several levels of consumers, including the species to be harvested. 
Decomposers complete the cycle by breaking down waste products (Folke and Kautsky, 
1992). Polyculture uses resources that are wasted in large monocultures but requires a 
deeper understanding of the interspecies interactions to maximize production, making it a 
good strategy for only certain species of fish (Milstein, 1992). If the goal is to produce 
only one high value fish species, alternative technologies that are more intensive are often 
a better option. IAS combines the nutrient reuse of polyculture with the intensive 
production of RAS. By combining the monocultures of two complementary species with 
water recirculation, the lower productivity of polyculture can be offset (Neori et al., 
2004).  
2.4 Marine Integrated Aquaculture 
 A number of early studies investigated the use of macroalgae as a biofilter for 
marine RAS effluents before development of IAS. Macroalgae, for example, can protect 
coastal areas from eutrophication while providing a valuable byproduct (Chow et al., 
2001). As awareness of coastal degradation, due to shrimp and fish monocultures, 
became more prominent, so grew the interest in using algae for nutrient removal (Troell, 
1999). Some of the first experiments using macroalgae for the treatment of marine 
aquaculture wastewater were performed by Goldman et al. (1974a) and Goldman et al. 
(1974b). In these experiments, secondarily treated wastewater was further treated with a 
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series of plants and animals. First algae was grown on the wastewater, which then was 
fed to an oyster system. Oyster effluent was then treated using seaweed before being 
discharged to coastal waters. The seaweed efficiently removed the inorganic nitrogen 
from the oyster culture tanks and both the oysters and seaweed were valuable aquaculture 
products. The concept of using macroalgae for treatment of aquaculture effluents was 
developed further in a series of experiments on multitropic intensive aquaculture systems 
performed in Israel (Neori et al., 2004). 
 At the National Center for Mariculture in Eilat, Israel, work began as early as 
1991 integrating cultures of seaweed, bivalves, and macroalgivores (Neori, 1991; Shpigel 
and Neori, 1996). Later studies explored increasingly complex systems. Shipgel and 
Neori (1996) compared the potential revenue from three systems: integration of seaweed 
and abalone; fish, seaweed, and abalone; and fish, bivalves, seaweed, and abalone. The 
authors concluded that all three systems would cover the cost of operations; however, 
growers must keep in mind the variations in complexity. In a companion paper, Neori et 
al. (1998) examined the nitrogen budget for the simplest system: seaweed and abalone. 
When Ulva lactua was used as the biofilter, consistent performance was observed, with a 
removal efficiency of 49-56%  of NH4+-N (Cohen and Neori, 1991). Much of the 
nitrogen was accounted for in growth of the algal biomass. Neori et al. (2000) studied a 
pilot system combining fish, seaweed, and abalone. As in Shipgel and Neori (1996), the 
combination of the three organisms effectively maintained water quality and produced 
three valuable products.  
 Neori et al. (1996) reported on the long term performance of a system of fish 
tanks stocked at a low density, which were connected to a series of seaweed tanks for 
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biofiltration (Figure 2.2). The seaweed contributed significantly to removal of NH4+-N, 
NO3--N, production of DO, and increased pH, allowing for stable water quality. When 
one of the seaweed tanks was disconnected higher NH4+-N concentrations, decreased pH, 
and decreased DO concentrations were observed. The seaweed competed for NH4+-N 
with nitrification processes. Concentrations of NO3--N never reached dangerous levels 
and remained constant in all tanks indicating the preference of Ulva lactuca for NH4+-N. 
The authors concluded that due to recirculation the model IAS had great potential to 
eliminate some of the problems encountered by other land-based mariculture systems. 
 
Figure 2.2: Schematic of the model integrated fish and seaweed culture system (from 
Neori et al. 1996). 
 
 The above studies demonstrated that using seaweed for the treatment stage in 
marine IAS is both practical and economically feasible. Several other studies explored 
the use of seaweed for treatment of saline aquaculture effluents (Buschmann et al., 
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1994;Chopin et al., 1999; Cohen and Neori, 1991; Troell et al., 2003; Troell et al., 1997; 
Vandermeulen and Gordin, 1990). While the above studies demonstrate successful use of 
macroalgae, the integration of salt tolerant plants in IAS has not been previously 
reported. Discussed below are examples of successful freshwater IAS. 
2.5 Freshwater Integrated Aquaculture 
 The integration of fish culture and vegetable production is often referred to as 
aquaponics. Early studies demonstrated that hydroponically grown plants could remove 
nutrients from fish culture effluent, thereby maintaining water quality while producing a 
useful byproduct (Lewis et al., 1978; Naegel, 1977; Watten and Busch, 1984).  
 Unlike the marine IAS describe above, which only used seaweed as a biofilter, 
some initial aquaponic systems mimicked more traditional RAS, with a biofilter located 
before the plant growth component. The type of biofilter used varied between systems. 
Lewis et al. (1978) used a rotating biological contractor (RBC), which can also be found 
in RAS. Seawright (1993) used a three stage trickling biofilter prior to hydroponic 
troughs. 
 Other researchers have integrated the use of gravel/sand media that functions as 
both the biofilter and support for vegetable growth (Lewis et al., 1978; McMurtry et al., 
1997; McMurtry et al., 1993). The media in these systems provided a surface for 
microbial growth, facilitating oxidation of organics and nitrification. One problem with 
media based biofilters is the potential for solids accumulation and clogging. McMurtry et 
al. (1997) attempted to solve this problem by operating the biofilter using a flood and 
drain regime. They hypothesized that this would reduce clogging and allow for oxidation 
of solids, providing additional nutrient resources for plant growth. The system performed 
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satisfactorily, with similar plant growth compared to other systems such as one reported 
by Rakocy and Hargreaves (1993). The advantage of operating in this fashion was the 
elimination of a water, energy, and technologically intensive biofilter, allowing for 
simplification. A later study by Graber and Junge (2009) used a light-expanded clay 
aggregate (LECA) for the media based biofilter and plant support. 
 The longest running commercial aquaponic system is located at the University of 
the Virgin Islands (UVI) Agricultural Experiment Station on St. Croix. In operation for 
over 25 years, the system at UVI has gone through several different designs. Initially it 
operated using a media based bed, similar to the system described by Lewis et al. (1978) 
and McMurtry et al. (1993) (James E. Rakocy, n.d.). This design was quickly replaced 
with sheets of polystyrene (2.44 m long x 1.22 m wide x 3.8 cm thick) termed “floating 
rafts”, which were used to support plant growth. A RBC was used in the system 
temporarily to aid nitrification; however, it was removed after it was determined that the 
floating rafts could provide enough nitrification alone. For solids removal, the system 
uses conical clarifiers and briefly used a rotating drum filter (Bailey et al., 1997). At 
present, the UVI system (Figure 2.3) has multiple fish rearing tanks, followed by two 
conical clarifiers for solids removal. After the clarifiers, filter tanks filled with orchard 
netting allow for additional solids removal and nitrification/denitrification, depending on 
how frequently the netting is cleaned. Infrequent cleaning of the netting allows for solids 
to accumulate and anoxic zones to form, promoting denitrification; with frequent 
cleaning there is less solids accumulation and oxygen availability, allowing only 
nitrification. After the filter tank, a degassing tank facilitates removal of carbon dioxide, 
hydrogen sulfide, and methane which are produced in the filter tanks. Following the 
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degassing tank, the water flows through the hydroponic tanks filled with floating rafts 
and dissolved nutrients are assimilated by the vegetables.  
 
Figure 2.3: Schematic of the current UVI aquaponic system (from Rakocy, n.d.). 
2.6 Solids Removal 
 Rakocy (n.d.) stressed the importance of solids removal for efficient plant growth, 
hence the multiple mechanisms for solids removal in the UVI system. In commercial 
RAS, solids removal is also critical, considering that the performance of the biological 
filter is dependent on the quantity of particulate organic matter (POM) reaching the filter 
(Leonard et al., 2002). Solids removal is also important for limiting the negative impacts 
of RAS to surrounding waters because of the nutrient content of the solids in aquacultural 
wastewater.  
 Typical techniques for solids removal from aquaculture systems include using 
mechanical screens or sedimentation (Midlen and Redding, 1998). Rotating microscreen 
filters are commonly used in RAS. They are made of a mesh screen with a 60 to 200 µm 
pore size on a rotating drum or disc (Cripps and Bergheim, 2000). Water passes through 
the filter, which eliminates solid waste; particles remaining on the filter are removed 
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through backwashing (Cripps and Bergheim, 2000; Midlen and Redding, 1998). The 
backwash from microscreens is a small percent of the total system volume, but has a high 
amount of organic solids (Summerfelt et al., 1999). This waste stream, while small, needs 
to be disposed of properly to meet regulation guidelines. Several technologies exist for 
dewatering and thickening of the backwash biosolids. 
 Settling basins are commonly used to dewater backwash flows due to their 
simplicity (Sharrer et al., 2009). Other options include sand beds, constructed wetlands, 
wedgewire sieves, inclined belt filters, bag filters, membrane biological filters, filter 
presses, centrifuges, and vacuum filters (Bergheim et al., 1998; Palacios and Timmons, 
2001; Sharrer et al., 2009; Sharrer et al., 2007; Summerfelt et al., 1999). Depending on 
the size of the facility, biosolids transport and disposal can be costly and options might be 
limited (Summerfelt et al., 1999). Geotextile bags have recently been investigated as an 
alternate technique for solids thickening and removal. The bag system requires a smaller 
footprint compared to settling basins and reduced capital costs compared to belt filters; 
however, the operating costs are much higher due to the cost of replacement bags 
(Sharrer et al., 2010). The geotextile bags had the lowest treatment efficiency, but 
produced the greatest reduction in volume. 
 Once thickened, solids can be applied to agricultural lands or composted 
depending on state regulations and classification of the waste. In the United States, some 
states consider aquacultural waste to be agricultural waste, thus allowing for land 
application. Other states consider it an industrial waste, therefore landfill disposal is 
required (Ewart et al., 1995). Brackish, or marine aquaculture biosolids, cannot be land 
applied due to the potential for soil salinization (Mirzoyan et al., 2008; Naylor et al., 
18 
 
1998). According to the Florida Aquaculture Best Management Practices Rule (Bronson, 
2007) proper disposal of solid aquaculture waste includes composting with appropriate 
land application or disposed of at a sanitary landfill.  
 Mirzoyan et al. (2008) tested anaerobic digestion as a way to reduce the volume 
of biosolids and therefore decrease landfill costs. They found it to be successful at 
reducing biosolids volume and the high salinity did not inhibit methanogenesis. While 
anaerobic digestion can reduce volume, there are still some biosolids that must be 
disposed of and the associated costs of digestion and disposal. Alternatively, constructed 
wetlands have been used successfully to treat both aquaculture effluent and aquaculture 
biosolids (Summerfelt et al., 1999). The treatment of aquaculture biosolids using salt 
tolerant plants in an aquaponic system has not been previously reported.  
2.7 Constructed Wetlands 
 Constructed wetlands (CW) have been used to treat many different kinds of 
wastewater including but not limited to: municipal, agricultural, industrial, and 
aquacultural. Wetlands are ideal for nutrient removal due to their high productivity, as 
compared with other terrestrial ecosystems. Advantages of CWs include their low cost, 
low maintenance requirements, and mechanically simple design (Kadlec and Wallace, 
2009).  
 CWs can be divided into three basic types: free water surface (FWS), horizontal 
subsurface flow (HSSF), and vertical flow (VF) (Figure 2.4). FWS have areas of open 
water and vegetation, and are commonly used to treat secondary or tertiary wastewater 
effluents. HSSF use a gravel or soil bed and vegetation. The water flows beneath the 
surface of the media through the roots of the vegetation. VF can have multiple 
19 
 
configurations, but typically are sub-surface flow wetlands that are intermittently flooded 
from the top and the water trickles down through the media (Kadlec and Wallace, 2009). 
  
 Use of CWs for treatment of aquaculture wastewater started gaining popularity in 
the 1990s (Midlen and Redding, 1998; Redding, 1997).  Since then, several studies have 
demonstrated the effectiveness of CWs for treatment of aquaculture effluent (Li et al., 
2007; Lin et al., 2002a, b; Schulz et al., 2003). RAS have also used CWs for recirculation 
of effluent to maintain water quality necessary for fish health (Table 2.1). Summerfelt et 
al. (1999) processed aquaculture biosolids through two types of CWs, a VF and HF. The 
wetlands removed approximately 96-98% TSS, 72-91% COD, and 82-93% of TKN and 
Figure 2.4: Types of constructed wetlands. From top to bottom: free water surface 
(FWS), horizontal sub-surface flow (HSSF), vertical sub-surface flow (VF) (based on 
Vymazal, 2001). 
 
20 
 
TP. The authors demonstrated that CWs can be used to treat the high strength biosolids 
produced during solids removal in RAS; suggesting CWs as a potential low cost 
alternative to dewatering and landfill disposal. 
 Nutrient removal in CWs occurs through abiotic and biotic processes including: 
mechanical screening and sedimentation, microbial degradation, plant uptake, adsorption, 
precipitation and chemical fixation (Schulz et al., 2003). Plants play an important role in 
CWs by trapping particles, therefore increasing sedimentation, providing surfaces for 
microbial growth, taking up nutrients, and releasing oxygen (Brix, 1997). The extent to 
which plant uptake contributes to overall nutrient removal varies greatly with season, 
plant species, and type of wetland (Kadlec and Wallace, 2009).   
 CW plants are divided into four categories based on morphology and physiology: 
emergent macrophytes, floating-leaved macrophytes, submersed macrophytes, and freely 
floating macrophytes (Wetzel, 2001). The term macrophyte refers to aquatic vegetation 
including macroalage (Wetzel, 2001). Similarly the term halophyte is used to refer to 
salt-tolerant aquatic vegetation (Brown et al., 1999).  
2.8 Experimental Plants 
 Mangroves are salt tolerant plants that typically grow in tropical and subtropical 
coastal areas (Kathiresan and Bingham, 2001). Unfortunately, due to their coastal 
location they are increasingly threatened by habitat loss and pollution (Field, 1999). The 
loss of these plants is particularly detrimental due to the many ecosystem services they 
provide. One such service has helped them find use as vegetation for CWs. Mangroves 
are naturally adept at removing nutrients and pollutants from the water (Boonsong, 2003). 
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Reference Type of 
Wetland 
TSS 
removal 
(%) 
COD 
removal 
(%) 
NH4+-N 
removal 
(%) 
NO3--N 
removal (%) 
TN 
removal 
(%) 
PO43--P 
removal 
(%) 
TP 
removal 
(%) 
Lin et al. 
(2003) 
FWS 
and SF 71 NR 57 68 NR 5.4 NR 
Zhang et 
al. (2011) HSSF 75.4-82.0 50.1-52.0 37.6-40.9 16.1-43.8 34.6-35.6 NR 40.4-46.2 
Zhong et 
al.(2011) SF NR NR 20-55 30-84 39-57 NR NR 
Zachritz et 
al. (2008) SSF 67.2 NR 46.0 87.0 NR NR NR 
Table 2.1: Collection of studies that have used CWs for nutrient removal in RAS with treatment efficiency for some 
water quality characteristics. Values not reported denoted with NR 
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Red mangroves (Rhizophora mangle) are an important mangrove species that grows 
along the Atlantic and Gulf Coasts of the United States (Zomlefer et al., 2006). 
 Other important coastal plants include Smooth Cordgrass (Spartina alterniflora) 
and Black Needle Rush (Juncus roemerianus). S. alterniflora is the dominant emergent 
grass species of tidal marshes on the Atlantic and Gulf coasts. It controls erosion and 
provides habitat for many bird and mammal species (Materne, 2000). J. roemerianus is 
also a dominant plant species of the Atlantic and Gulf coasts. It also is important for 
protecting shorelines and, due to its ability to tolerate various salinities, can be used in 
tidal restoration projects (Skaradek and Henson, n.d.). While neither plant species has 
been used explicitly for treating fish waste hydroponically, these species, or species in the 
same genus, have been used in CWs and studies have been completed on their abilities to 
take up nutrients (Gallagher, 1975; Haines, 1979; Patrick and DeLaune, 1976; Tanner, 
1996). Lymbery, Doupé, Bennett, & Starcevich (2006) used the species Juncus kraussii 
in a subsurface flow (SSF) CW for the treatment of a saline aquaculture effluent. While 
the SSF wetland removed 69% of TN and 88.5% of TP, the plants were negatively 
affected by the high salinity levels used.  
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Chapter 3: Materials and Methods 
3.1 Site Description 
 This study was conducted at a pilot IAS facility located in Sarasota, Florida at 
Mote Aquaculture Research Park (MAP) (27⁰20’18.77” N, 82⁰21’01.79” W average 
temperature: 22.6 ⁰C, average humidity: 59%).  In 2010, MAP redesigned its RAS to 
incorporate a greenhouse stocked with wetlands plants supplied by Aquatic Plants of 
Florida, Inc. Seven indoor pompano fish tanks were coupled with a RAS that utilizes 
solids filtration, biofiltration, UV, and ozone disinfection, foam fractionation, and liquid 
oxygen injection for wastewater treatment (Figure 3.1).   
 Florida Pompano (Trachinotus carolinus), a high value marine fish species, was 
cultured at MAP in seven indoor circular tanks. The pompano were distributed between 
six 3 m diameter tanks and one 6 m diameter tank; collectively the volume of the tanks 
was approximately 89 m3.  In November 2010, the tanks were stocked with 2,594 
fingerling pompano. Additional pompano were added in January 2011, about 192 young 
fish. Periodically the fish were redistributed according to size and weight. Due to the 
sizing of the drum filter, only four of the tanks were filled at any one time. Fish were fed 
commercial brand of "floating" and "slow-sinking" pellets (38-42% protein by weight, 3-
5 mm diameter) using automatic feeders that dispensed the feed throughout the day. 
Local groundwater water was added as needed to account for evaporation and to maintain 
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a salinity of approximately 12 to 18 ppt. At start-up Instant Ocean (Madison, WI) was 
added to local ground water to create 15 ppt saline system water. 
 The waste stream from the fish tanks and traveled to a rotary drum filter (PR 
Aqua Drum Filter, Model RFM3236, PR Aqua Supplies Ltd., Nanaimo, BC, Canada), 
which separated the solid and liquid waste streams.  Periodic backwashing removed the 
accumulated solids from the filter, which were pumped as a slurry to a solids collection 
tank. A float switch controlled the solids collection tank and when enough solids 
collected the slurry was sent at approximately equal flow rates to the three solids 
treatment systems: the geotextile bags, the north plant bed, and the south plant bed. 
Periodically the flow rates were adjusted such that one-third of the solids tank flow went 
to each treatment; however, this was a pilot scale system and the flow rates did not 
remain equally distributed for the entire study. From the drum filter the liquid waste 
stream flowed to the moving bed bioreactor (MBBR) for biological treatment and UV 
disinfection. 
 The MBBR, which was approximately 6 m by 3 m by 1.5 m deep contained, 
Kaldnes® (Fureneset, Norway) biofilter media, which increased available surface area 
and provided an attachment surface for microbial growth.  Constant aeration maintained 
sufficient oxygen levels for nitrification and BOD oxidation. Immediately following 
nitrification, the liquid effluent traveled through an aeration tank for CO2 stripping and 
through UV treatment for disinfection.  Lastly, liquid oxygen is injected to the treated 
effluent before being cycled back to the fish tanks. 
 The greenhouse contained two rectangular plant beds, with dimensions of 18 m 
length by 4.5 m width by 0.6 m height and a volume of approximately 50 m3. Three 
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coastal wetlands plant species were grown in the two plant beds: Smooth Cordgrass 
(Spartina alterniflora), Black Needle Rush (Juncus romerianus), and Red Mangrove 
(Rhizophora mangle). These plants were selected based on their potential use for coastal 
wetlands restoration and tolerance for system salinity levels. The influent, which flowed 
from the solids tank to the north plant bed, first passed through a sand filter, with 
dimensions of approximately 2.4 m by 2.4 m and a depth of 0.3 m. Sludge from the sand 
filter was periodically removed and dewatered to create the potting material for the 
second cohort of J. romerianus and S. alterniflora. The south plant bed received flows 
directly from the solids tank without prior filtration.  Each plant bed and the geotextile 
bag received approximately one-third of the flow from the solids tank. Effluent from the 
plant beds and geotextile bag all flowed into a combined collection tank prior to 
reintegration with the main flow and treatment by the MBBR. 
 Prior to implementation of the greenhouse, mesh bags also known as Geotubes® 
(Ten Cate Nicolon, Commerce, GA), were the only device used for solids treatment.  In 
this study they received the remaining third of the solids slurry. The bags were 
approximately 3 m by 3 m and can grow to a height of about 1.5 m when full with water.  
A coagulant (Hyperfloc CE 809, Aquatic Habitats Inc. Apopka, FL) was added prior to 
entry into the geotextile bag to help the bags collect suspended solids and allow for water 
to filter out through the mesh. Geotextile bags are a relatively new technique for solids 
removal in intensive aquaculture systems (Sharrer et al., 2009). 
3.2 Methods for Sampling and Analysis 
 Grab samples were collected from the MAP IAS at the seven points, illustrated in 
Figure 3.1.  One liter samples were collected in acid washed bottles and placed on ice 
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until ready to be analyzed.  Samples were analyzed for: chemical oxygen demand (COD), 
total nitrogen (TN), ammonia (NH4+), nitrate (NO3-), total phosphorus (TP), 
orthophosphate (PO43-), total suspended solids (TSS), and volatile suspended solids 
(VSS) (Table 3.1). Also, at time of sampling a Quanta Hydrolab multimeter probe 
(Loveland, CO) was used to measure temperature, pH and dissolved oxygen (DO).   
 
 
 
 Test kits manufactured by Orbeco-Hellige (Sarasota, FL) were used to prepare 
samples for water quality analyses which were completed on a spectrophotometer 
(HACH® DR2800). If necessary, samples were digested on an Orbeco-Hellige TR-125 
hot block. Instant Ocean (Madison, WI) a synthetic sea salt powder was used to create 
standards and blanks with a salinity of 15 ppt.   
Figure 3.1: Schematic of marine integrated aquaculture system (IAS). Dots with numbers 
denote sample locations. Sample abbreviations also given. 
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 Water samples were analyzed for manganese (Mn), nickel (Ni), selenium (Se), 
strontium (Sr), cadmium (Ca), lithium (Li), mercury (Hg), molybdenum (Mo), iron (Fe), 
boron (B), lanthanum (La), and cesium (Ce). Elemental analysis was completed four 
times on samples filtered through Polycap PES  45 µm capsule filters  (Watman, US). 
The University of South Florida Geology Department completed the analyses on a Perkin 
Elmer (Waltham, MA) Optima 2000DV ICP-OES. 
Parameter Units Methodology UF* F* Method 
Detection 
Limits 
Total Suspended 
Solids (TSS) 
mg/L Standard Methods: 
2540 D. 
X  NA 
Volatile 
Suspended 
Solids (VSS) 
mg/L Standard Methods: 
2540 E. 
X   NA 
Total Nitrogen 
(TN) 
mg/L N Hach Method: 
10071 (Persulfate 
Digestion) 
X X 1.34 
Nitrate (NO3-) mg/L 
NO3--N 
Resorcinol Method 
(Zang and Fischer, 
2006) 
 X 0.207 
Ammonia 
(NH4+) 
mg/L 
NH3-N 
Hach Method: 
10023 (Salicylate 
Method) 
 X 0.012 
Total 
Phosphorous 
(TP) 
mg/L 
PO43-P 
Hach Method: 8190, 
EPA 365.3 
X X 0.332 
Orthophosphate 
(PO43-) 
mg/L 
PO43--P 
Hach Method: 8048, 
EPA 365.1 
 X 0.012 
Chemical 
Oxygen Demand 
(COD) 
mg/L 
COD 
Hach Method: 8000, 
40 CFR 136.3; SM 
5220 D 
X X 3.06 
Table 3.1: List of water quality tests performed. For each test performed 
units, methods, filter/unfiltered assessment, and method detection limits are 
provided. 
* UF = unfiltered 
      F = filtered 
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 Plant sampling consisted of randomly harvesting a total of 18 plant and soil 
samples. Three plants were collected of each species (S. alternaflora, J. roemareanus, 
and R. mangle) in both plant beds. The location of each species in both plant beds 
remained constant throughout experiment, while individual plants may have moved. S. 
alterniflora, when present, were located closest to the influent and occupied about one-
sixth of plant bed area. J. romerianus occupied the middle section of plant beds covering 
approximately one-sixth of the area. Located closest to the effluent, R. mangle occupied 
about two-thirds of the area. Soil samples were collected simultaneously with the plants.  
The plants were processed to calculate height, number of leaves, and dry weight.  Total 
nitrogen in plants and soil was analyzed with a TN 3000 Total Nitrogen Analyzer 
(Thermo Scientific, MA) (MDL 0.019 mg N).  Total phosphorus in plants and soil was 
analyzed using an acid digestion (Standard Methods 4500-P J.) and then measured 
colorimetrically using the ascorbic acid method (Standard Methods 4500-P E.) (MDL, 
0.05% P) (Eaton and Franson, 2005). 
3.3 Statistical Analysis 
 Statistical analysis was completed with Minitab 16 Statiscial Software (State 
College, PA). Differences between the north plant bed, south plant bed, and geotextile 
bags were compared using one-way analysis of variance (ANOVA) with a significance 
level of 0.05. Comparison of plant and soil nutrient content was also analyzed with using 
ANOVA at a significance level of 0.05. 
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Chapter 4: Results and Discussion 
4.1 Fish 
 
 In November 2010, 2,594 (110 kg total weight) of Florida pompano were 
introduced in the system.  The fish were periodically redistributed according to size and 
weight.  Between November 2010 and June 2011 the total biomass in the system 
increased from 110kg to 456kg. The amount of feed added increased correspondingly, 
with the increase in biomass (Figure 4.1). The increase in feed is important because 
nutrient accumulation is directly related to the quantity of fish feed; fish excrement and 
uneaten feed are the main source of nutrients, solids, and organics in aquaculture waste 
(Barak and van Rijn, 2000).   
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Figure 4.1: Kilograms of fish feed added to entire pompano system at MAP as a function 
of time since the system started November 2010. 
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4.2 Water Quality 
 Field measurements taken with the Quanta Hydrolab multimeter probe (Loveland, 
CO) are shown in Tables 4.1, 4.2, and 4.3. The temperatures remained stable for the 
duration of the project, with some seasonal variation at externally located sampling 
points, such as the geotextile bag effluent.  The pH ranged from 6.35 to 7.82, with the 
average pH at 7.4.  The solids tank effluent pH was consistently lower than in the rest of 
the system, with an average pH of 6.8.  Dissolved oxygen levels in the MBBR influent 
and effluent were above 5 mg/L, which reflects aerobic conditions and supports 
nitrification.  Effluent from the solids tank, sand filter, geotextile bag, and plant beds 
averaged 3.2 mg/L O2 or less.  The lower O2 values reflect aerobic microbial activity 
utilizing the organic matter and ammonia in the plant beds and geotextile bag. 
 No significant differences were found between effluent measurements in the north 
bed, south bed, or geotextile bag for any of the water quality parameters measured (Table 
4.4). The plant beds were equally as effective at treating the drum filter aquaculture waste 
as the more traditional geotextile bags. 
  The TSS in the solids tank increased with time from 67 to 732 mg/L TSS (Figure 
4.2). The other sample points remained consistent, fluctuating between 25.7 and 67.5 
mg/L TSS. Solids accumulation can vary with season, biomass, and farm operations (e.g. 
feed regime, cleaning, harvesting) (Midlen and Redding, 1998). A build up of solids can 
have negative impacts on organisms in aquaculture systems, potentially clogging gills, 
providing habitat for pathogens, and depleting oxygen (Cripps and Bergheim, 2000). 
Effective removal of solids is also important because it prevents the dissolution and 
release of nutrients, specifically TP and to a smaller extent TN (Piedrahita, 2003).  
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Table 4.1: Field measurements of temperature taken at seven sampling locations in the MAP IAS with mean and standard 
deviation (SD). 
Temperature °C 
Sample Point 5/11/2011 9/7/2011 10/15/2011 12/3/2011 1/14/2012 4/28/2012 Mean SD 
W1 25.16 28.10 27.13 21.68 20.71 24.0 24.5 2.7 
W2 24.15 27.29 25.17 20.93 18.75 23.4 23.3 2.8 
W3 23.5 26.47 24.00 20.74 18.35 22.5 22.6 2.6 
W4 24.61 26.55 23.78 17.25 15.07 23.2 21.7 4.1 
W5 24.17 28.80 26.90 22.37 18.39 23.8 24.1 3.3 
W6 24.69 28.03 26.16 21.40 20.70 22.4 23.9 2.6 
W7 24.68 28.00 26.10 21.49 20.72 22.43 23.9 2.6 
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Table 4.2: Field measurements of pH taken at seven sampling locations in the MAP IAS with mean and standard deviation 
(SD). 
pH 
Sample Point 5/11/2011 9/7/2011 10/15/2011 12/3/2011 1/14/2012 4/28/2012 Mean SD 
W1 7.56 6.72 6.35 6.56 7.26 6.64 6.8 0.4 
W2 7.41 7.21 7.21 7.55 7.35 7.60 7.4 0.2 
W3 7.43 6.99 7.28 7.46 7.29 7.69 7.4 0.2 
W4 7.55 7.14 7.74 7.00 7.38 7.82 7.4 0.3 
W5 7.38 7.31 7.50 7.50 7.34 7.68 7.5 0.1 
W6 7.69 7.27 7.06 7.79 7.08 7.48 7.4 0.3 
W7 7.75 7.60 7.23 7.36 7.33 7.60 7.5 0.2 
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Table 4.3: Field measurements of dissolved oxygen (DO) taken at seven sampling locations in the MAP IAS with mean and 
standard deviation (SD). 
DO (mg/L O2) 
Sample Point 5/11/2011 9/7/2011 10/15/2011 12/3/2011 1/14/2012 4/28/2012 Mean SD 
W1 4.68 0.29 0.40 0.16 1.84 0.10 1.2 1.8 
W2 5.57 3.50 0.47 1.70 0.34 0.08 1.9 2.2 
W3 6.20 3.23 2.20 4.29 2.81 0.35 3.2 2.0 
W4 5.88 0.28 2.70 1.59 2.47 0.31 2.2 2.1 
W5 3.54 2.04 0.80 0.63 3.04 0.12 1.7 1.4 
W6 10.72 6.66 7.54 7.33 8.76 9.06 8.3 1.5 
W7 9.09 5.87 5.65 6.78 7.45 6.84 6.9 1.2 
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Table 4.4 Concentration, removal %, and areal loading for water quality parameters. 
Concentrations are means of water quality data collected between  5/17/2011 and 
4/28/2012 of the influent and effluent of the three treatments. No values were found to be 
significantly different. U =  unfiltered samples, F =  filtered samples 
  Influent North South 
Geotextile 
bag 
TSS concentration (mg/L) 352 38.7 41.4 45.6  
 removal %  89 88 87 
 areal loading (g/m2)  262.3 299.3 336.7 
COD U concentration (mg/L) 278 104  130  105  
 removal %  63 53 62 
 areal loading (g/m2)  704.0 943.5 774.9 
COD F concentration (mg/L) 143 91.7  103  103  
 removal %  36 28 28 
 areal loading (g/m2)  621.6 748.2 761.0 
TN U concentration (mg/L) 45.3 26.4  27.6 29.0 
 removal %  42 39 36 
 areal loading (g/m2)  178.7 199.4 213.7 
TN F concentration (mg/L) 49.0 25.1  24.1  36.5 
 removal %  49 51 26 
 areal loading (g/m2)  170.4 174.5 269.1 
NH4+-N concentration (mg/L) 5.12 2.85  8.19  5.22  
 removal %  44 -60 -2 
 areal loading (g/m2)  19.3 59.3 38.6 
NO3--N concentration (mg/L) 15.5 2.87  0.59  12.3  
 removal %  81 96 21 
 areal loading (g/m2)  19.5 4.3 90.5 
TP U concentration (mg/L) 30.1 31.9  27.7  32.9 
 removal %  3 16 0 
 areal loading (g/m2)  216.5 200.1 242.9 
TP F concentration (mg/L) 27.8 39.6  26.7  28.7  
 removal %  -42 4 -3 
 areal loading (g/m2)  268.3 193.0 211.8 
PO43--P concentration (mg/L) 21.0 21.7  24.4  21.3 
 removal %  -4 47 54 
 areal loading (g/m2)  147.4 176.4 157.0 
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 Microscreen filters, such as the rotating drum filter used in this study, are 
commonly used to remove solid wastes from aquaculture effluents. Microscreens 
typically have a mesh screen with a pore size between 60 and 200 µm. Testing of a rotary 
drum filter completed at the Norwegian Hydrotechnical Laboratory found 67-97% solids 
removal efficiency (Cripps and Bergheim, 2000).  In the study system it appears that the 
increase in TSS was related to increases in feed (Figure 4.3). The concentration of TSS 
flowing into the MBBR fluctuated between 25.8 mg/L and 63.2 mg/L, with the variation 
independent of feed added. The consistent TSS values show that the drum filter was 
effectively removing solids even at higher loads due to increases in feed. At the higher 
loading rates the drum filter was likely performing more efficiently, as prior research has 
shown improved treatment efficiency with greater solids concentration for drum filters 
(Bergheim et al., 1998; Cripps and Bergheim, 2000; Kelly et al., 1997).  
  Geotextile filter bags are increasingly being used in conjunction with coagulants 
and flocculants to remove biosolids from RAS. Sharrer et al. (2009) found geotextile 
bags to have up to 96% TSS removal efficiency treating effluent from a commercial scale 
rainbow trout RAS when operated at a hydraulic loading rate of 60-70 L/day/m2 and an 
influent TSS concentration of 1515 mg/L. In a marine system Guerdat et al. (2012) found 
a geotextile bag to have 97% removal efficiency when operated with a flow rate of 12.1 
m3/day and a 1489 mg/L influent TSS concentration. At its maximum, the system in this 
study was operated with an influent TSS concentration of 700 mg/L and a flow rate of 
44.1 m3/day. On average the geotextile bags had 88% removal efficiency of TSS. As the 
strength of wastewater increased so did the removal efficiency. On 5/17/11 the geotextile 
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bags had a 15% removal efficiency and on 4/28/12 92% removal efficiency. This 
indicates the geotextile bags could continue to run efficiently at higher loading rates. 
 In both the north and south plant beds physical processes were likely the main 
mechanism for TSS removal. Several studies on constructed wetlands have shown that 
plants have little impact on TSS removal and that unplanted control plots typically have 
similar removal rates (Gersberg et al., 1986; Tanner et al., 1995). In a study by Zhang et 
al. (2011), an integrated RAS used two parallel horizontal subsurface flow CWs to treat 
the effluent from 4-5 freshwater culture ponds. The system was operated for two years 
and achieved TSS removals of 82.0% and 75.4% in 2006 and 2007, respectively. These 
values are slightly less than that achieved in this system where the both north and south 
beds achieved 89% and 88% removal respectively. Considering that higher strength 
wastewater allows for greater treatment efficiency, the average influent was 352 mg/L 
TSS compared to the study mentioned, which had an average TSS concentration of 56.5 
mg/L. The higher strength wastewater could have contributed to the greater TSS removal 
efficiency.  
 COD concentration also generally increased over the sampling period in the solids 
tank effluent; however, there was high variability in these samples (Figure 4.3).  Cooler 
winter temperatures may have resulted in decreased biological activity, which would 
explain the lower values on these days.  Regardless of the influent concentration, the 
concentration of unfiltered COD in the other sampling points remained relatively 
constant (Figure 4.4). A study of a marine system using a geotextile bag for treatment 
with an average influent COD of 2394 mg/L COD had an average removal efficiency of 
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65.2% (Guerdat et al., 2012). The MAP geotextile bag had a similar removal efficiency 
of 62%, despite a much lower average COD influent concentration of 278 mg/L. 
 
 
Figure 4.2: Total suspended solids measurements in mg/L for six days from 5/17/2011 to 
4/28/2012. Error bars represent standard deviations. Data is not available for 6/23/2011 at 
sample point W6, 10/15/2011 at sample points W1 and W4. 
 
 COD removal observed in the north and south plant beds was 63% and 53%, 
respectively. Lin et al. (2002b) found that treating aquaculture waste with free water 
surface (FWS) and a SSF wetlands resulted in 25% to 55% COD removal efficiency, 
with the SSF wetland consistently performing better.  Summerfelt et al. (1999) used 
horizontal flow wetlands (HFW) for treatment of diluted aquaculture sludge and achieved 
total COD removal efficiencies of 91%. The study system was a hybrid of a FWS and 
HSSF wetlands and treated aquaculture sludge similar to that of Summerfelt et al. (1999). 
Contact with the soil from the semi-HSSF design also could have enhanced COD 
removal through increased microbial contact (Summerfelt et al., 1999).  
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Figure 4.3: TSS and COD measurements in mg/L for the solids tank from 5/17/2011 to 
4/28/2012. Kg of fish feed added to the system on corresponding sampling days is also 
shown. Data not available for 10/15/2011. 
 
 COD concentrations were consistent in the influent and effluent of the MBBR. 
Except for 5/17/2011 the filtered COD followed the same trends as the unfiltered but had 
lower concentrations (Figures 4.4 and 4.5). The higher filtered COD values on 5/17/2011 
could be due to a methodological error when analyzing the samples. Lower filtered COD 
values were expected because they do not account for COD associated with particulate 
matter. In the solids tank (W1), the unfiltered COD measurements were typically much 
higher due to greater TSS concentrations in that sampling point. In comparison the other 
sampling points (W2-W7), had similar values for unfiltered and filtered COD. These 
points also had lower TSS concentrations. The lower TSS concentrations support the idea 
that much of the COD in these points was dissolved.  
 Since much of the influent COD was associated with particulate matter it was 
likely removed through similar mechanisms as the TSS. The similar filtered COD 
concentrations in the solids tank and the plant bed effluents (W2-W3) support that COD 
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removal was due to removal of particulate matter. If dissolved COD was being removed 
the plant bed filtered COD measurements would have been lower than the influent 
filtered COD concentration.  
 Total nitrogen in the solids tank did not show the same steady increase as TSS 
and COD (Figure 4.6).  With the exception of 2/1/2012, unfiltered TN concentrations 
from the solids tank were higher than the effluents from the plant beds or geotextile bag 
(Figure 4.7). On 12/3/2011 the filtered TN concentration was higher in the geotextile bag 
(W4) effluent than any other point (Figure 4.8). This value was likely an error due to 
either an analysis mistake or difficulties collecting samples from the geotextile bag due 
occasional intermittent flow. In Table 4.4 the geotextile bag had a higher filtered TN 
concentration than unfiltered which was likely due to unusually high filtered TN value. 
The average percent removal for unfiltered TN were 39%, 42%, and 36% for the south 
bed, north bed, and geotextile bag, respectively. 
 The marine system operated by Guerdat et al. (2012) achieved 61.6% removal of 
TN using a geotextile bag. The authors suggested that removal efficiency was related to 
the influent flow rate. During this study there was considerable variability in the influent 
flow rate to the geotextile bag, which could have contributed to the low TN removal; 
increasing the retention time could improve removal efficiency. Considering the plant 
beds in this experiment are analogous to a hybrid FWS/HSSF, this system performs 
slightly better compared to SSF, wetlands which have been shown to have an average 
nitrogen removal of 30-40% (Brix, 1994). Denitrification is an important mechanism for 
nitrogen removal. DO concentrations greater that 0.2 mg/L O2 are considered inhibitory 
to denitrification (Bachand and Horne, 1999). Analysis of DO along the length of both 
 40 
 
plant beds showed average surface measurements of 0.06 mg/L and 0.17 mg/L O2 in the 
north and south beds respectively. The low DO values indicate that denitrification was 
likely a source of nitrogen removal in both plant beds. 
 
 
Figure 4.4: Unfiltered COD measurements in mg/L for six days from 5/17/2011 to 
4/28/2012. Error bars represent standard deviations. 
 
 
 
Figure 4.5: Filtered COD measurements in mg/L for seven days from 5/17/2011 to 
4/28/2012. Error bars represent standard deviations.
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Figure 4.6: TN in mg/L N and TP in mg/L P measurements for the solids tank from 
5/17/2011 to 4/28/2012. 
 
 
 
 Figure 4.7: Unfiltered TN measurements in mg/L N for seven days from 5/17/2011 to 
4/28/2012. Error bars represent standard deviations. 
 
 In the influent and effluent of the MBBR there was little change in the unfiltered 
TN. The amount of dissolved TN was typically higher in the MBBR than other sampling 
points, reflecting the higher concentrations of dissolved TN species in particular NO3-.
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 Ammonium levels in general were less than 10 mg/L NH4+-N. On 4/28/2012 
ammonium levels were uncharacteristically high, especially in the south plant bed (Figure 
4.9). No accumulation of ammonium was observed in the system for the duration of 
testing. The removal of ammonium is of particular importance for fish health. Levels 
higher than 1.86 mg/L NH3 are lethal for saltwater fish (Randall and Tsui, 2002). The 
MBBR was critical to ensure low ammonium levels. Regardless of concentrations at the 
other sampling points W6 and W7 influent and effluent of the MBBR were always within 
a safe range for the fish health. 
 
Figure 4.8: Filtered TN measurements in mg/L N for seven days from 5/17/2011 to 
4/28/2012. Error bars represent standard deviations. 
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ammonia levels in the sandfilter effluent were frequently higher than the plant beds or 
geotextile bag effluents, suggesting that ammonification occurred in the sand filter.  
  The concentration of ammonium-N was on average 0.2 mg/L NH4+-N in the 
influent and effluent of the MBBR. The low ammonium concentrations and the high 
nitrate concentrations indicate that the MBBR was operating efficiently converting 
ammonium to nitrate. The performance of the MBBR was likely critical in preventing 
accumulation of ammonium in the system and thereby preserving fish health.  
 The influent and effluent nitrate concentrations of the MBBR were typically 
constant but over the course of the study the concentration of nitrate decreased in the 
MBBR (Figure 4.10). This downward trend in nitrate could indicate total nitrogen 
removal from the interconnected system. The steady decrease in nitrate combined with 
the stability of total nitrogen concentration indicates that total nitrogen was being 
eliminated elsewhere. Since the plant beds and geotextile bag were connected to the 
MBBR, total nitrogen removal from these systems via plant uptake or denitrification 
facilitated removal of total nitrogen resulting in decreased nitrate in the MBBR. 
 The geotextile bags had a low oxygen concentration in the effluent 2.2 mg/L O2 
on average indicating microbial activity. The low oxygen levels combined with low 
nitrate and ammonium concentrations support the observation that denitrification was 
occurring in the geotextile bags removing TN. Also within the geotextile bag occurrence 
of anaerobic microenvironments were likely present aiding dentrification even though O2 
concentrations within the bag were not directly measured. The efficiency of nitrate 
removal in the geotextile bags increased during the study.  
 
 44 
 
 
 
Figure 4.9: Filtered ammonia measurements in mg/L NH4+-N for seven days from 
5/17/2011 to 4/28/2012. Error bars represent standard deviations. 
 
 Nitrate removal by constructed wetlands varies based on type of wetland; a HSSF 
wetland could have very high denitrification rates or FWS wetland could have medium 
denitrification levels (Vymazal, 2007). Schulz et al. (2003) and Lin et al. (2005) reported 
an increase in nitrate concentrations in subsurface flow wetland effluent.  In contrast, Lin 
et al. (2003) studied SSF and FWS wetlands and observed approximately 68% nitrate 
removal efficiency. This system operated with greater efficiency as the systems studied 
by Lin et al. (2003) with an 81% and 96% reduction in the north and south beds, 
respectively.  
 Unfiltered total phosphorus concentrations in the solids tank varied over the 
duration of testing but did not go above 46 mg/L TP (Figure 4.11). On most sampling 
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change through the MBBR. Much of the phosphorous in RAS is contained in the solid 
fraction of waste, with 30-84% of TP in the particulate fraction (Cripps and Bergheim, 
2000). Guerdat et al. (2012) found 41.6% TP removal efficiency for a marine system 
using geotextile bags. Sharrer et al. (2009) showed between 47.0 and 77.3% removal of 
TP through geotextile bags depending on the coagulant and flocculant added which is 
more than double the efficiency found in this study. In Sharrer et al. (2009), the use of 
hydrated lime as a coagulant resulted in the greatest phosphorous removal. Using a 
different polymer could increase efficiency of the phosphorous removal of the geotextile 
bag in this system. Differences in loading rates could also have contributed to the 
inefficient removal of phosphorous from the geotextile bag. 
 
 
Figure 4.10: Unfiltered nitrate measurements in mg/L NO3--N for six days from 3/1/2011 
to 2/1/2012. Data provided courtesy of MAP. Error bars represent standard deviations. 
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and the plants are not harvested (Vymazal, 2004). The substrate is a determining factor in 
P removal efficiencies. Finer media has greater removal efficiencies due to greater 
surface area; media composed of minerals, such as reactive Fe and Al hydroxide or Ca, 
can also aid in P removal (Akratos and Tsihrintzis, 2007). The limited P removal in this 
experiment was likely due to the substrate media used. Soil was made up of dewatered 
sludge that formed on the sand filter and potting soil, which was optimized for plant 
growth not phosphorus removal. 
 
 
Figure 4.11: Unfiltered TP measurements in mg/L P for seven days from 5/17/2011 to 
4/28/2012. Error bars represent standard deviations. 
 
 Filtered TP was relatively consistent for all sampling points with little variation 
(Figure 4.12). On 12/3/2011 (W1-W7) and 1/14/2012 (W3-W7) the lack of variation is 
due to many of the measurements being below detection limits resulting in a consistent 
value of 16.6 mg/L TP and 23.2 mg/L TP respectively. On 5/17/2011 filtered TP was 
uncharacteristically high at W3, approximately double all other measurements.  
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Figure 4.12: Filtered TP measurements in mg/L P for seven days from 5/17/2011 to 
4/28/2012. Error bars represent standard deviations. 
 
  Phosphate concentrations were relatively stable across points for each sampling 
day (Figure 4.13). Measurements on 5/17/2011 showed the greatest variation and also the 
greatest concentration of phosphate. Mean phosphate removal efficiencies were -8.0%, -
16%, and -1.3% for the north, south, and geotextile bags, respectively. Lin et al. (2003) 
also observed low phosphate removals in a marine RAS and hypothesized that loading 
rate contributed to the lower removal efficiency. The plant beds were operated with a 
loading rate of about 0.40 and 0.43 g PO43--P/m2/day for the north and south beds, 
respectively. At a similar loading rate Lin et al. (2002a) showed a 0.15 g PO43--P/m2/day 
removal rate. Considering that the second cohort of J. romerianus and S. alterniflora 
were potted in soil created from sand filter sludge it is possible that phosphorous was 
desorbing from the soil in the form of phosphate resulting in a net gain of phosphate. 
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for all three species increased in the north and south plant beds while the control samples 
do not show the same increases in dry weight (Figure 4.14). The percent of nitrogen in 
the plants samples was typically greater than the percent of nitrogen in the soil samples. 
The percent of phosphorus did not follow this trend. Percent phosphorus in the plant and 
soil samples was similar and at times there was more phosphorus in the soil samples 
(Table 4.5).  
 
 
Figure 4.13: Filtered PO43- measurements in mg/L PO43--P for seven days from 
5/17/2011 to 4/28/2012. Error bars represent standard deviations. 
4.3 Wetland Plants and Soil 
  The S. alterniflora plant samples showed an increase in nitrogen over the 
three sampling points (Figure 4.15). There was little variation between the north and 
south plant beds. On 2/8/2012 the north bed S. alterniflora plants had more nitrogen 
where as on 5/8/2012 the north bed plants had less. For each day sampled the control 
plants had less nitrogen than those in the plant beds. 
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Figure 4.14: Average mg dry weight for three harvested samples of R. mangle, S. 
alterniflora, and J. romerianus. Presented with standard deviations for three sampling 
dates. No S. alterniflora were present in the north plant bed on 9/23/11. 
 
 Mendelssohn (1979) studied S. alterniflora in salt marshes in North Carolina and 
found similar amounts of total nitrogen in leaf biomass. The medium form, 50-100 cm 
tall, corresponds to the height of S. alterniflora in north and south beds of this study. 
Mendelssohn (1979) found the medium form to have between about 2.8% and 1.2% total 
nitrogen in the leaves by dry weight. Percent nitrogen varied seasonally and was at its 
lowest during the summer months (May to August). The low values seen in this study in 
September could reflect seasonal lows for total nitrogen. The control plants more closely 
relate to the nitrogen values found in the short form of S. alterniflora, which is classified 
as being < 50 cm. The percent nitrogen in the Mendelsson (1979) study for the short form 
was consistently lower than the medium or tall forms and hand a range of total nitrogen 
from 1.2% to 2.5%. Between 2/8/12 and 5/8/12 the S. alterniflora samples taken from the 
study site and control samples were from the same cohort. The lower nitrogen levels in 
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the 5/8/12 control sample indicate that it was likely nitrogen limited inhibiting growth 
whereas plants at the study site had ample access to nitrogen aiding growth. 
 Table 4.5: Average % TN and % TP for three species of wetlands plants and 
associated soil samples in the south bed, north bed, and control system. Numbers with 
different superscripts indicate a significant difference. 
   South North Control 
R. mangle TN Plant 2.16a 2.35a 1.39b 
Soil 0.65a 0.45b 0.52b 
TP Plant 0.14a 0.15a 0.12b 
Soil 0.11a 0.03b 0.02b 
J. romerianus TN Plant 1.94a 1.96a 1.06b 
Soil 1.27a 1.07a 0.95a 
TP Plant 0.17a 0.15a 0.11b 
Soil 0.25a 0.29a 0.08b 
S. alterniflora TN Plant 2.34a 2.01a 1.40b 
Soil 0.58a 0.49a 0.64a 
TP Plant 0.21a 0.16a 0.17b 
Soil 0.23a 0.17a 0.17a 
  
 Interestingly the harvested J. romerianus samples from 5/8/12 had the greatest 
amount of nitrogen in both beds, but the lowest biomass of the three sampling dates 
(Figure 4.14 & 4.15).  On the closest water quality sampling date (4/28/12) ammonia 
levels were high in the north and south plant beds. Previous studies have shown J. 
romerianus to have a preference for ammonium uptake over nitrate (Gallagher, 1975; 
Tyler, 1967). Assuming the high ammonium levels were maintained until 5/8/12 the 
ammonium could have contributed to the high percent of nitrogen found in samples 
despite the low biomass. 
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 The percent nitrogen in the R. mangle samples increased slightly between 9/23/11 
and 2/8/12, but between 2/8/12 and 5/8/12 there was little difference. R. mangle total 
biomass increased between 2/8/12 and 5/8/12 in both the north and south beds. The 
increase in biomass in the south bed was about 5 times greater than in the north bed, but 
the percent nitrogen was less in the south bed than the north. In a natural wetlands 
environment, mangrove forests are either N or P limited depending on location in coastal 
zones (Alongi, 2011; Feller et al., 2003; Feller, 1996). Onuf, Teal, & Valiela (1977) 
studied R. mangle in Florida and found that areas with higher ammonium levels due to 
bird guano had higher plant growth and leaf nitrogen content. The growth of R. mangle 
plants in this study was likely aided by the continual source of nitrogen in the plant bed 
influent. In a simulated tidal unfertilized tank system (Alongi, 2011), six mangroves 
species had between 0.69% and 1.24% N. When nitrogen was added at a concentration of 
10 to 50 mmol N/m2d the percent nitrogen in the six mangrove species increased to 
within a similar range of percent nitrogen found in R. mangle in this study. Similarly a 
study of R. mangle and Avicennia germinans in Indian River Lagoon, Florida showed 
that with nitrogen fertilization the percent nitrogen in the two mangrove species increased 
along with plant growth (Feller et al., 2003). A study on the mangrove species, Avicennia 
marina, demonstrated a preference for nitrate (Boto et al., 1985). The south bed typically 
received a higher concentration of nitrate than the north bed. The additional nitrate going 
into the south bed could have contributed to the slightly greater R. mangle biomass. Boto 
et al. (1985) also observed greater growth indicators in nitrate supplied plants but did not 
show any significant difference in percent nitrogen. 
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 In the soil samples, percent nitrogen ranged from 0.31 to 1.35 (Figure 4.16). The 
soil in constructed wetlands is not typically a source for nitrogen removal, instead 
ammonium ions follow a “spiral” pattern of adsorption and desorption (Kadlec et al., 
2005). Clay based substrates, which provide sufficient ammonium sorption sites, are not 
usually used for constructed wetlands.  Instead soils are used that are ineffective for 
permanent ammonium adsorption (Vymazal, 2007). The statistically insignificant 
difference between the percent nitrogen in S. alteriflora and J. romerianus of the north 
and south beds compared to the control confirm that ammonium adsorption was not a 
mechanism of nitrogen removal. If ammonium adsorption was occurring, the north and 
south beds would likely have a higher percent nitrogen than the control samples. The 
lower values in the R. mangle soil samples likely reflect that during analysis the J. 
romerianus and S. alterniflora soil samples contained minor quantity of plant biomass 
(leave and/or roots). The additional biomass was processed along with the soil thus 
registering a greater amount of nitrogen for those species. The south bed did receive on 
average a greater load of total nitrogen than the south bed, which could explain the 
slightly higher values of soil nitrogen in the south bed. 
 A smaller percent of the plant biomass was comprised of phosphorous than 
nitrogen. The amount of phosphorous in the three species ranged from 0.08 to 0.31% P 
(Figure 4.17). On average there was 0.18% P in the north and south bed plant biomass. 
Unlike nitrogen, added phosphorus does not have an impact on the growth of S. 
alterniflora. In several studies of S. alternilfora, fertilization with phosphorus did not 
result in increase productivity (Buresh et al., 1980; Patrick and DeLaune, 1976; Sullivan 
and Daiber, 1974). The amount of phosphorus in the plant biomass of fertilized plots was 
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greater than in control plots for both Patrick and Delaune (1976) and Buresh et al. (1980). 
Neither study observed increases in productivity despite the increased phosphorus in 
biomass. The percent phosphorus in S. alterniflora for these studies varied seasonally 
with the lowest values in September at about 0.09% P and the highest in June at 0.17% P. 
The north and south beds received more phosphorus on average than the plants in the 
studies mentioned, which possibly explains the higher percentage of phosphorus. The 
high values on 5/8/12 also may reflect seasonal variation and higher nutrient values for 
the growing season. 
 
 
 
Figure 4.15: Average %N in plant samples for all three plant species. Samples harvested 
from the south plant bed, the north plant bed, and a corresponding sample from Aquatic 
Plants of Florida on 3 days between 9/23/2011 to 5/8/2012. Error bars represent standard 
deviations. 
 
 Studies show J. romerianus to typically have less phosphorus in leaf biomass than 
S. alterniflora. Kruczynski et al. (1978) found phosphorus in J. romerianus to range 
between 0.04% and < 0.01% P in three types of Florida marsh habitat. A study of J. 
romerianus leaves by de la Cruz and Gabriel (1974) found phosphorus values more 
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within range of those found in this study. “Young alive” plants (plants < 2m in height) 
had 0.19% P, which best corresponds with the life phase of J. romerianus in this system.  
 
 
 
Figure 4.16: Average %N in soil samples for all three plant species. Samples harvested 
from the south plant bed, the north plant bed, and a corresponding sample from Aquatic 
Plants of Florida on 3 days between 9/23/2011 to 5/8/2012. Error bars represent standard 
deviations. 
  
  In R. mangle, the phosphorus content remained fairly constant fluctuating 
between 0.1% and 0.2% P. Unlike the S. alterniflora it was less efficient at storing excess 
phosphorus. Alongi’s (2011) study on six mangrove species showed increasing 
phosphorus content with an increase in phosphorus application. Mangrove species subject 
to a phosphorus application rate of 5 to 10 mmol P/m2d had similar phosphorus content 
as R. mangle plants in this system. Despite the application of about 20 mmol P/m2d to the 
north and south plant beds R. mangle did not have a higher composition of phosphorus on 
average than Rhizhophora apiculata in Alongi (2011). Alongi (2011) showed a near 
doubling of phosphorous content for Rhizhophora apiculata between application rates of 
1 and 5 mmol P/m2d, 0.7999% to 0.1451% P respectively and only a slight increase 
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between application rates of 5 and 10 mmol P/m2d, 0.1451% to 0.1471% P respectively. 
It is possible that there was a maximum of phosphorus uptake for R. mangle and an 
application rate greater than 10 mmol P/m2d will not result in increased uptake of 
phosphorus. 
 
Figure 4.17: Average %P in plant samples for all three plant species. Samples harvested 
from the south plant bed, the north plant bed, and a corresponding sample from Aquatic 
Plants of Florida on 3 days between 9/23/2011 to 5/8/2012. Error bars represent standard 
deviations. 
 
 The amount of phosphorus in the soil samples for each species ranged from 0.01 
to 0.49% P (Figure 4.18). On average, the amount of phosphorus in the soil samples of 
the north and south plant beds was 0.18% P. The average amount of phosphorus in plant 
biomass and soil were in the same range, unlike in nitrogen which had more nitrogen in 
the plant biomass than soil. Soil and sediment are typically considered the main storage 
sites for phosphorus in wetland systems; however, studies have shown that wetlands are 
relatively inefficient at long term storage of phosphorus, especially when compared to 
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organic soils is dependent on the pH and the presence of Fe, Al, and/or Ca minerals, 
which can immobilize phosphate as a precipitate (Vymazal, 2004). Phosphorus is 
regulated by an adsorption/desorption equilibrium driven by the concentration of 
inorganic dissolved phosphorous in the soil porewater space. When the concentration of 
phosphorus is lower in the soil porewater space, there will be a general movement of 
phosphorus to the soil porewater space until equilibrium is established (Dunne and 
Reddy, 2005; Vymazal, 2004). Considering that the S. alterniflora and J. romerianus 
plants were grown in peat moss, which is predominantly organic material, variations in 
the soil could be due to limited phosphorus adsorption sites and fluctuations in the 
adsorption/desorption equilibrium. Also, the variation in the S. alterniflora and J. 
romerianus soil phosphorus values could reflect spatial variability in sorption sites for 
phosphorus (Kadlec and Wallace, 2009).  
 
Figure 4.18: Average %P in soil samples for all three plant species. Samples harvested 
from the south plant bed, the north plant bed, and a corresponding sample from Aquatic 
Plants of Florida on 3 days between 9/23/2011 to 5/8/2012. Error bars represent standard 
deviations. 
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 The lower values in the R. mangle are possibly due to the soil composition. The 
soil used for these samples contained larger pieces of pine-bark like material, which may 
have had limited phosphorus adsorption sites due to less overall surface area compared to 
the finer soil in the S. alterniflora and J. romerianus soil.   
4.4 Mass Balances 
 The total amount of biomass in the plant beds increased over the sampling dates. 
Of the total biomass the total amount of nitrogen was small, the minimum was 0.062 
g/m2 N and the maximum was 0.32 g/m2 N (Table 4.6). In the mass balance for nitrogen 
of the south plant bed the uptake via plants and soil was negligible compared to the 
removal due to other mechanisms which removed 164 g N/m2 yr (Figure 4.19). In the 
north plant bed similar results were found, the plant and soil uptake were negligible. 
Unlike the south plant bed, the presence of the sand filter resulted in the removal of large 
quantities of organic matter and as a result large quantities of nitrogen, about 244.8 g N/ 
m2 yr. 
 The importance of emergent plant uptake and assimilation of nutrients in IAS and 
constructed wetlands is debated.  Schulz et al. (2003) suggested that plant uptake 
accounts for only between 10% and 30% of total nitrogen removal; however, Koottatep 
and Polprasert (1997) found that plant uptake is significant, accounting for as much as 
50% of total nitrogen removal. Nitrogen removal from plant uptake was negligible in this 
study, with less than 1% attributable to plant uptake. It is possible that with a greater 
amount of biomass more nitrogen would be removed via plant uptake. Similar systems 
have reported much higher quantities of nitrogen in plant biomass (Chung et al., 2008; 
Gottschall et al., 2007; Greenway and Woolley, 1999); however, these studies also report 
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much higher quantities of plant biomass. While the total amount of nitrogen in plant 
biomass was low in the MAP system, the amount of nitrogen in individual plants was 
similar to other studies. Also, the ratio of nitrogen in plant biomass to total dry biomass 
falls within range of the other studies. Despite the low nitrogen uptake through plant 
assimilation, the plants can help facilitate nitrogen removal by providing surfaces for 
denitrifying bacterial growth and filtration of solids through rhizomes (Schulz et al., 
2003). It is also possible that a considerable amount of nitrogen was stored in the 
underground plant biomass, which was not measured in this study, resulting in an 
underestimation of total nitrogen (Gottschall et al., 2007). Overall, while the values are 
low, they do likely accurately reflect the amount of nitrogen in the plant biomass (Table  
4.6).     
Table 4.6: Biomass and plant accumulation for north and south plant beds for each 
sampling date. 
 
 North South 
 9/23/2011 2/8/2012 5/8/2012 9/23/2011 2/8/2012 5/8/2012 
Dried 
biomass 
(g/m2) 
3.25 6.92 8.13 6.13 7.02 14.99 
Nitrogen 
(g/m2) 0.062 0.147 0.199 0.104 0.17 0.32 
Phosphorus 
(g/m2) 0.0003 0.0007 0.0011 0.0004 0.0007 0.0013 
  
 Less phosphorus was present in the plant beds on a mass per area bases than 
nitrogen. Only 0.003 g/m2 P was present on 9/23/2011 in the north plant bed and 
increased to 0.0011 g/m2 P by 5/8/2012. The south plant bed showed similarly low values 
for phosphorus. For the mass balance of phosphorus, like nitrogen, the amount of 
phosphorus removed via plant and soil uptake was negligible. Other mechanisms were 
the predominant removal mechanisms and removed about 161 g P/m2 yr in the south 
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plant bed. In the north plant bed, the sand filter removed a large amount of phosphorus 
about 157.9 g P/m2 yr. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.19: Schematic showing mechanisms of nitrogen removal in the north and south 
plant beds. Values calculated using averages. 
 Phosphorus is difficult to permanently remove from constructed wetlands. Plants 
and soil can remove phosphorus initially but due to seasonal and physical/chemical 
variations they might also be an ultimate source of phosphorus to the system (Kadlec and 
Wallace, 2009). The study system lacks specific design criteria that would have 
maximized phosphorus removal, such as use of clay-based media, availability of minerals 
for precipitation, or removal of biomass. It appears that the soil might even have been a 
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source of phosphorus to the system (Figure 4.20). An important permanent removal 
mechanism not experimentally measured was the amount of phosphorus eliminated 
through organic matter accumulation and accretion (Craft and Richardson, 1993; Reddy  
et al., 1999). Braskerud (2002) found sedimentation to be the dominant removal process 
for phosphorus in a small wetland. A high amount of dissolved phosphorus and 
phosphate combined with limited availability of minerals for forming precipitates could 
have contributed to the low total phosphorus removal in the plant beds. The phosphorus 
that was removed was likely due to sedimentation and aided by shallow plant beds and 
the plants which can help increase particulate sedimentation by increasing aggregates  
(Braskerud, 2002). 
 The sand filter removed significant quantities of both nitrogen and phosphorus. 
However, during the study it frequently became clogged and the accumulated organic 
matter was removed and stored for later use as a soil medium. The total amount of 
nitrogen and phosphorus removed in this manner is unknown as no measurements were 
taken of the sand filter sludge. Estimates were calculated based on the influent to and 
effluent from the sand filter. The sand filter was clearly an important removal mechanism 
but the operational difficulties associated make it an ineffective treatment method for the 
study system and it will not continue to be used.   
 The north plant bed successfully removed nitrogen and phosphorus; however, 
from the mass balance diagram it appears there was an increase in nitrogen and 
phosphorus. The influent was less than the effluent values for both nitrogen and 
phosphorus. The cause for this discrepancy was likely due to the initial nutrient removal 
in the sand filter followed by passage through the wetland system. In the wetland, 
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biological and physical process such as the decay of plant matter and resuspension of 
solids could have resulted in the greater effluent concentrations. The calculated sand filter 
uptake could have also contributed to the discrepancy.  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.20: Schematic showing mechanisms of phosphorus removal in the north and 
south plant beds. Values calculated using averages. 
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Chapter 5: Conclusions 
 A pilot scale marine IAS successfully produced pompano in land based tanks, 
produced macrophytes for wetlands restoration, and used the macrophytes for treatment 
of the solid waste stream, allowing for zero discharges of water or solid waste over a one 
year period. There was no significant difference in the efficiency of treating solid 
aquaculture waste with a sand filter followed by a plant bed, only a plant bed, or 
geotextile bags; however, it was difficult to draw long term conclusions about treatment 
efficiencies. Since this was a complex commercial system it was impossible to isolate the 
removal efficiencies and claim a greater efficiency of one system over another especially 
considering the flow rate to each treatment varied considerably during the study. 
 In general the complete system, on average over all three treatments, had adequate 
removal of COD and TSS with averages of 59% and 88% removal efficiency 
respectively. The TN removal efficiency of 48% was within the range of 20% to 90% TN 
removal found for other constructed wetland systems (Koottatep and Polprasert, 1997) 
but low compared to geotexile bags. Removal of TP was rather low compared to similar 
constructed wetlands systems or geotextile bags, with only an average removal efficiency 
of only 19%. The low TP removal was likely due the substrate not being ideal for 
phosphorous removal and soil additions.  
 In terms of management of the plant bed treatment systems, the sand filter posed a 
management problem and continuously clogged, and the south plant bed without any pre-
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filtration also resulted in a clogged sump pump.  For this reason, as of August 2012, the 
system was redesigned to bypass the sand filter and instead routed the wastewater 
through the geotextile bag for suspended solid removal, and then through the plant beds 
for additional nutrient removal and to aid plant growth.   
 Plant growth did not vary significantly between the two plant beds, nor did the 
nutrient content in the soils vary between the beds. In general the plants in the integrated 
system had significantly more nitrogen and phosphorus than the control samples. The 
control soil samples only occasionally contained significantly different quantities of 
nitrogen or phosphorus. 
 In the system the plants did not contribute significantly to nutrient removal via 
uptake but the low total biomass in the plant beds compared to other wetlands could have 
contributed to the low plant uptake values. Increasing the density of plants, increasing the 
area of the plant beds, or increasing the harvesting rate could improve the nutrient 
removal via plant uptake. Despite this, the plants were important for nutrient removal by 
providing surfaces for microbial growth and aiding suspended solid removal. Regardless 
of the low nutrient uptake the plants had important economic value, provided a second 
product, and potentially a financial benefit. Future economic analysis will determine if 
the sale of plants provides sufficient financial benefit to offset the expenses associated 
with inland aquaculture. 
 Considering that there was low plant uptake of nitrogen and low DO values 
measured in both plant beds dentirification was likely the major mechanism of nitrogen 
removal. In the north plant bed solids removed in the sand filter also contributed heavily 
to nitrogen removal. Since the plants did not remove much phosphorus and the media 
 64 
 
was not ideal for adsorption, sedimentation was likely the main removal mechanisms of 
phosphorus. The sand filter was also important for phosphorus removal in the north plant 
bed. 
 Future modeling studies will further highlight the specific removal mechanisms 
for nitrogen and phosphorus in the pilot system. This research suggests that macrophytes 
can be grown effectively in solid aquaculture waste, while conserving nutrients and water 
resources.  
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Appendix A: Modified TN/TP Protocol for the Digestion of Plant and Soil Samples 
A.1 Sources Method Modified From 
 
 Standard methods for the examination of water and wastewater.   20th Edition.  
Prepared and Published jointly by American Public Health Association, American Water 
Works Association, Water Environment Federation. 1998. Franson, M.A.H. managing 
editor. Persulfate Method for Simultaneous Determination of Total Nitrogen and Total 
Phosphorous and Ascorbic Acid Method for Phosphorous Determination. APHA. 
 
 C.L. Langner, P.F. Hendrix, Evaluation of a persulfate digestion method for 
particulate nitrogen and phosphorus, Water Research, Volume 16, Issue 10, 1982, Pages 
1451-1454. 
 
A.2 Reagents 
  
Sodium hydroxide 3N • Dissolve 120g NaOH in 800mL DI water in a 
1000mL volumetric flask.  Cool and dilute to 
volume 
Oxidizing Reagent • 64g potassium persulfate, K2S2O8, in 500mL DI 
water, warm to dissolve 
• Add 80mL of 3N NaOH and dilute to 1000mL 
• Store in a brown bottle at room temperature 
Dilute H2SO4 • Dilute 300mL concentrated sulfuric acid into 
1000mL total with DI water 
Phenolphthalein Indicator • 1g per 100mL ethanol 
Sodium hydroxide 2N • Dissolve 8g in 100mL total volume DI water 
H2SO4 ~ 1N • Dilute 10 mL of solution number 3 (dilute 
H2SO4) to 100 mL 
 Phosphate Reagent: 100mL total, stable for 4 hours, mix in exact order as listed.  (All 
reagents can be kept at room temperature except for Ascorbic Acid which should be 
stored at 4ºC) 
• 5N sulfuric acid (70mL conc. brought to 500mL 
using DI water) 
• Potassium Antimony Tartrate (0.2743g/100mL water) 
• Ammonium molybdate∙4H2O (4g/100mL) 
• Ascorbic Acid (1.76g/100mL) stable one week 
50 mL 
5 mL 
15 mL 
30 mL 
100mL 
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Appendix A: Continued 
A.3 Procedure 
 
1. Place dry weight sample in clean, acid washed (soaked in 10% HCl or HNO3 solution 
for at least 15 minutes) 125 mL digestion vials.  Weigh between 10 and 15 mg of 
sample directly into vial. 
2. Prepare standards.  Weigh or pipette standards from 50 mg/L P standard solution.  I 
typically use 0, 0.12, 0.25, 0.50, and 1 mL of solution.  As necessary add DI water to 
standards to achieve final volume of 1 mL (e.g. add 0.88 mL DI to 0.12 mL standard). 
To avoid dilution use a small acid washed beaker, rinsed with DI, then pour a small 
amount of standard into the beaker swirl and discard.  Then pour a small amount into 
the beaker and use that to measure out the standards. 
3. Prepare a NIST reference material to run with sample.  Weight approximately a similar 
quantity to samples, about 10-15 mg of reference material.  Apple leaves (NIST #1515 
0.159%P) are what I tend to use. All reference materials should be pre-dried according 
to NIST instructions (Drying in a desiccator at room temperature for 120 hours over 
fresh anhydrous magnesium perchlorate, depth should not exceed 1 cm. Note: avoid 
oven trying at elevated temperatures this could result in weight losses). 
4. Add 1 mL of DI to all samples and NIST reference standard. 
5. Add 9 mL of Oxidizing Reagent to all vials. 
6. Heat on Environmental Express 100 mL Hot Block at 120ºC for 60 minutes.  Cover 
vials with disposable digestion watch glasses and monitor to be sure all of the sample 
does not evaporate.  After digestion crystalline solid should have formed in the vial 
and the solution/solid should be colorless or nearly so. 
7. Cool to room temperature.  At this point you may cap vials and continue the next day if 
desired.   
8. Add approximately 10 mL of DI water to each vial. 
9. Add a drop of phenolphthalein indicator. 
10. If necessary titrate to a faint pink color with 2N NaOH.  When digesting with the 
watch glasses I found that if there is very little or no liquid remaining adding NaOH is 
not necessary. 
11. Add dilute sulfuric acid (conc. ~1N) until color just clears.  This typically takes 1 to 2 
drops.   
12. Turn on spectrophotometer, allow it to warm up. 
13. Add 8 mL of Phosphate reagent. 
14. Add DI water to bring to 50 mL total volume.  Mix vials carefully swirling by hand. 
15. Allow color to develop for 15-30 minutes and solids to settle. 
16. Read absorbance at 880nm.  I pipette about 3-4 mL into a 10 mL round sample tube. 
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Appendix B: Water Testing Analytical Methods 
B.1 Materials 
General: Sharpie, Gloves, DI, Digital Pipettes (1-5 mL, 100-1000µL), Pipette tips, 
Spectrophotometer, Hot block, Analytical Balance 
1. Part A: Solids. 
• Filtration Apparatus and Pump • Drying oven at 103⁰C 
• Glass Fiber Filters • Muffle Furnace at 550⁰C 
• 1000 mL flask with sidearm 
• Aluminum pans 
• Dessicator 
 
2. Part B: Total Nitrogen Unfiltered/Filtered. 
• 1000 mg/L Nitrate Nitrogen Standard 
Solution 
• Orbeco TN reagent kit 
o Hydroxide Reagent vials  
o Persulfate Reagent Powder Pillow  
o Reagent A Powder Pillows 
o Reagent B Powder Pillows 
o Reagent C Vials 
• Spiked Blank Standard 1.5ppt Instant 
Ocean 
 
 
3. Part C: Total Phosphorous Unfiltered/Filtered. 
• 50 mg/L Phosphate Standard 
Solution  
• Orbeco TP reagent kit 
o Total Phosphorous test vial 
o Potassium Persulfate Powder Pillow 
o 1.54 N Sodium Hydroxide 
o PhosVer 3 Powder Pillow 
 
 
 
 
4. Part D: Nitrate Filtered. 
• 10 mg/L Nitrate Nitrogen Standard 
Solution  
• Orbeco Nitrate reagent kit 
o NitraVer X Reagent A Vial 
o NitraVer X Reagent B Powder Pillow • Spiked Blank Standard 0.75ppt 
Instant Ocean 
• 2% resorcinol solution 
• Concentrated H2SO4 
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Appendix B: Continued 
 
5. Part E: Ammonia Filtered. 
 
• 10 mg/L Nitrogen Ammonia Standard 
Solution  
• Spiked Blank Standard 1.5ppt Instant 
Ocean 
• Orbeco Ammonia reagent kit 
o AmVer Diluent Reagent Test Tube 
o Ammonia Salicylate Powder Pillow 
o Ammonia Cyanurate Powder Pillow 
6. Part F: Orthophosphate Filtered. 
• 50-mg/L Phosphate Standard Solution • Orbeco Reactive Phosphorous Test Kit 
o Reactive Phosphorous Test Tube 
o PhosVer 3 Powder Pillow 
 
 
7. Part G: COD. 
• 1000 mg/L COD Standard Solution 
• Spiked Blank Standard 1.5ppt Instant 
Ocean 
• Orbeco Chemical Oxygen Demand Test 
Kit 
o COD digestion vial 
 
Table A1: Summary of holding and storage procedures for water quality testing. 
Parameter Maximum Holding Time 
Preservation if to 
be analyzed with 
48 hrs 
Greater than 48 hrs Preservation 
Technique 
TS    TSS    TDS    VS    
TN 28 Days  
Reduce to <2pH with H2SO4 
Store at 4⁰C 
TP 28 Days  
Reduce to <2pH with H2SO4 
Store at 4⁰C 
Nitrate 14 Days Store at 4⁰C Reduce to <2pH with H2SO4 Store at 4⁰C 
Nitrite 48 Hours Store at 4⁰C  
Ammonia 28 Days  
Reduce to <2pH with HCl Store 
at 4⁰C 
Reactive P 48 Hours Store at 4⁰C  
COD 28 Days  
Reduce to <2pH with H2SO4 
Store at 4⁰C 
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Appendix B: Continued 
Table A2: Stock and standard solutions. 
 
Chemical Formula Mass Added (g) to 1000 mL 
Stock 
solution Standard 
Urea CH4N2O 2.143 
1000 mg/L 
Urea-N 
100 mg/L Urea-
N 
Sodium Nitrate NaNO3 3.036 
500 mg/L 
NO3--N 
50 mg/L NO3--
N 
Potassium 
phosphate 
monobasic 
KH2PO4 4.3871 
1000 mg/L 
P 10 mg/L P 
Potassium 
hydrogen 
phthalate 
(KHP) 
HOOCC6H4C
OOK 0.850 
1000 mg/L 
COD 
1000 mg/L 
COD 
Ammonium 
Chloride NH4Cl 3.819 
1000 mg/L  
NH3-N 
10 mg/L NH3-N 
Instant Ocean  1.5 
1000 mg/L 
NaCl 
1000 mg/L 
NaCl 
 
B.2 Methods for Water Testing 
 
1. Part A: Solids testing Standard Methods 2540-D&E.  
 
• Total Suspended Solids Standard Methods 2540 D 
 
a) Insert glass fiber filter in to filtration apparatus. 
b) Wash filter with DI water to seat and then vacuum out DI water until no 
water is left. 
c) Remove DI water from flask. 
d) Add 100mL of sample to filtration apparatus, turn on vacuum to remove 
liquid sample. 
e) Put water in sample bottle to be used later for filtered samples. 
f) Place in oven heated to 103 to 105⁰C to dry about 1 hour or until dried to a 
constant weight. 
g) Allow sample to cool in dessicator then weigh. 
h) Calculation:  𝑚𝑔 𝑇𝑆𝑆
𝐿
= (𝐴−𝐵)×1000
𝑠𝑎𝑚𝑝𝑙𝑒 𝑣𝑜𝑙𝑢𝑚𝑒 (𝑚𝐿) 
 A= weight of filter + dried residue, in mg 
 B= weight of filter, in mg 
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Appendix B: Continued 
 
• Volatile Suspended Solids (VSS) Standard Methods 2540 E 
 
a) Place dried filter in 550⁰C oven for 15 to 20 minutes. 
b) Allow to cool in dessicator then weigh. 
c) Calculation: 𝑚𝑔 𝑉𝑆
𝐿
= (𝐴−𝐵)×1000
𝑠𝑎𝑚𝑝𝑙𝑒 𝑣𝑜𝑙𝑢𝑚𝑒 (𝑚𝐿) 
 A= weight of residue+ dish before ignition, in mg 
 B= weight of residue+ dish after ignition, in mg 
 
2. Part B: Total Nitrogen LR (Using Hach method 10071). 
Standards: Create standard curve using four standards 5.0, 10.0, 15.0, 20.0 mg/L  Urea-N.  
Using four 100mL volumetric flasks and a 100 mg/L Nitrogen Standard pipet 2.5, 5.0, 
7.5, and 10.0 mL of standard into corresponding flasks. Make up rest of volume using a 
1.5 ppt NaCl solution.   
 
a) Turn on hot block, heat to 105⁰C. 
b) Thaw samples to room temperature and if necessary neutralize acid with 
5N NaOH.  Samples must be diluted to be below chloride interference.  
Dilute samples such that Cl- is <1000ppm, using a clean 100mL flask add 
60 mL of sample fill flask to line with DI. 
c) Add contents of Nitrogen Persulfate Reagent Powder Pillow to all vials 
d) Add 2mL of diluted sample to vials, leaving one blank with 2mL 
1000ppm NaCl solution.  5. Cap vials and shake vigorously for 30 
seconds. 
e) Place vials in hot block, heat for 30 minutes. 
f) Remove the vials after exactly 30 minutes. 
g) Remove caps from cooled digested vials and add one TN reagent A packet 
to each vial and shake for 15 seconds. 
h) Allow to react for 3 minutes. 
i) Add TN reagent B to digested vials, cap and shake for 15 seconds. 
j) Allow to react for 2 minutes. 
k) Add 2mL of solution from digested vials into the second TN reagent C 
vials. 
l) Cap vials invert 10 times to mix. 
m) Allow to react for 5 minutes. 
n) Wipe off vials with damp towel then dry towel to remove finger prints. 
o) Set to TN LR program 2258 on spec. wavelength should be set to 410nm. 
p) Blank spec with 1000 ppm NaCl sample. 
q) Read all samples, mg/L total nitrogen will be displayed. 
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Appendix B: Continued 
 
r) Account for dilution of samples. 
 
3. Part C: Total Phosphorous (Using Hach method 8190). 
 
Standards: Create a standard curve using three standards.  Prepare standards containing 
0.5, 1.5, and 2.5 mg/L phosphate.  The prepare standards using three 100mL volumetric 
flasks and a 50 mg/L Phosphate standard solution, pipet 1, 3, and 5 mL of standard 
solution into flasks.  Dilute to mark with DI water. 
 
a) Turn on hot block, heat to 150⁰C. 
b) Thaw samples to room temperature.  If sample has been preserved with 
sulfuric acid neutralize with 5N sodium hydroxide before analysis. 
c) Dilute samples to be in range of test.  Add 1mL of sample to 100mL flask, 
fill to line with DI. 
d) Add 5mL of sample to Total Acid Hydrolyzable Test Vial, leaving one 
blank with 5mL of DI. 
e) Add contents of one Potassium Persulfate Powder Pillow to vial cap and 
shake to mix. 
f) Place vial in hot block for 30 minutes. 
g) Carefully remove and allow vial to cool to room temperature. 
h) Add 2mL of 1.54N Sodium Hydroxide to vial, cap and mix. 
i) Set to TP program: 3036 wavelength should be 890nm 
j) Blank spec. 
k) Add PhosVer 3 Powder Pillow to all vials except the blank. 
l) Cap and shake for 10-15 seconds. 
m) Allow to react for 2 minutes. 
n) Wipe of vials with damp towel then dry towel to remove finger prints. 
o) Read sample results in mg/L PO3-, read samples within 2-8 minutes after 
adding PhosVer 3. 
p) Account for dilution of samples. 
 
4. Part D: Nitrate (Zhang and Fischer Resorcinol Method, 2006). 
 
Standards: Create standard curve using five standards 4.0, 8.0, 12.0, 16.0, 20.0 mg/L  
NO3--N.  Using five 50 mL volumetric flasks and a 100mg/L Nitrate Nitrogen Standard 
pipet 4 .0, 8.0, 12.0, 16.0, and 20.0  mL of standard into corresponding flasks.  Make up 
rest of volume using a 0.75 ppt NaCl solution.  To create NaCl solution dilute 1.5 ppt 
stock to 0.75 ppt. 
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a) Prepare a 2% resorcinol solution by adding 2 g resorcinol to a 100 ml 
volumetric flask, and diluting to the mark. 
b) Add 5 ml of diluted sample to acid-washed 25 ml volumetric flash, and 5 
ml of saltwater blank to another flask. 
c) Add 0.6 ml of 2% resorcinol solution and swirl flasks to mix. 
d) Add 5 ml of concentrated sulfuric acid to the flasks and close with a 
stopper. Gently swirl to mix 
e) Place the flasks in the dark and allow to react for 30 minutes 
f) Place the flasks in a water bath for 5 minutes to ensure it reaches room 
temperature 
g) Fill the flask to the 25 ml mark with DI water and swirl to mix. 
h) 8. Pour the flask into a 1cm curvette and measure absorbance at 505nm 
 
5. Part E: Ammonium (Hach  method 10023). 
 
Standards: Create standard curve using five standards 0.25, 0.5, 1.0, 1.5,  and 2.5 mg/L  
NO3--N.  Using five 50 mL volumetric flasks and a 10 mg/L Ammonium Nitrogen 
Standard pipet 1.25, 2.5, 5.0, 7.5, and 12.5 mL of standard into corresponding flasks. 
Make up rest of volume using a 1.5 ppt NaCl solution.  
 
a) Select Hach Program 2460, the wavelength should be 655nm. 
b) Remove caps from AmVer Diluent Reagent Vials add 2mL of sample to 
vials.  For sample blank add 2mL of saltwater blank. 
c) Add the Ammonia Salicylate Reagent Powder Pillow to each vial. 
d) Add the Ammonia Cyanurate Reagent Powder Pillow to each vial (do not 
need to shake in-between adding chemicals). 
e) Cap vials and shake to dissolve powder. 
f) Allow vials to react for 20 minutes. 
g) Zero spectrophotometer with saltwater blank vial, record sample 
absorbance. 
 
6. Part F: Ortho Phosphate (Using Hach Method 8048). 
Standards: Prepare four standards 0.2, 0.5, 1.0, and 1.5 mg/L PO43--P.  To prepare 
standards use four 50mL volumetric flasks and 50 mg/L Phosphate Standard Solution 
pipet 1.0, 2.5, 5.0, and 7.5 mL of standard to volumetric flasks.  Dilute to mark with DI. 
 
a) Select Hach Program 3035, the wavelength should be 890nm. 
b) If necessary, thaw samples to room temperature and neutralize acid with 
5N NaOH. 
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Appendix B: Continued 
 
c) Add 5mL of sample to Reactive Phosphorous Test Tube.  Make sample 
blank using 5mL of DI.   
d) Clean outside of vial, using sample blank, blank the spectrophotometer. 
e) Add contents of PhosVer 3 Phosphate Powder Pillow to all vials except 
sample blank. 
f) Cap vial and shake for 10-15 seconds.   
g) Allow vials to react for 2 minutes. 
h) Clean outside of vials and place in spectrophotometer, read as mg/L PO43-
-P. 
 
7. Part G: COD (Using Hach Method 8000). 
 
Standards: Create standard curve using five standards 25, 50, 100, and 150 mg/L COD.  
Using four 100mL volumetric flasks and a 1000 mg/L COD Standard pipet 1.25, 2.5, 
3.75,5, and 7.5 mL of standard into corresponding flasks.  Make up rest of volume using 
a 1.5 ppt NaCl solution. 
 
a) Turn on the COD Reactor. Preheat to 150 °C.  
b) Remove the cap of COD Digestion Reagent Vial for the appropriate range. 
c) Hold the vial at a 45 degree angle and add 2 ml of diluted sample  to the 
vial. 
d) Replace the vial cap tightly.  
e) Hold the vial by the cap and genty invert 5-10 times to mix the contents 
(vials will become hot). Place the vial in the preheated COD Reactor. 
f) Prepare a blank by repeating step 1 to 5 substituting 2 mL of saltwater 
blank for the sample. 
g) Heat the vials for 2 hours. 
h) Turn the reactor off. Wait about 20 minutes for the vials to cool to 120 °C 
or less. 
i) Invert each vial several times while still warm until the vials become 
cloudy. Place the vials into a rack to settle and cool to room temperature.  
j) Zero the spectrometer on the saltwater blank at 410 nm wavelength. 
k) Measure absorbance of sample vials. 
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Appendix C: Raw Water Quality Data 
Table A3: COD raw data. 
STATION REP F/U DATE 
COD 
Dilution 
COD 
raw data 
COD mg/ 
L 
W1 1 U 5/17/2011 20 5 
 W1 2 U 5/17/2011 20 3 69 
W1 3 U 5/17/2011 20 3 69 
W1 1 F 5/17/2011 20 7 141 
W1 2 F 5/17/2011 20 9 176 
W1 3 F 5/17/2011 20 8 155 
W2 1 U 5/17/2011 20 7 134 
W2 2 U 5/17/2011 20 4 76 
W2 3 U 5/17/2011 20 11 226 
W2 1 F 5/17/2011 20 10 
 W2 2 F 5/17/2011 20 12 248 
W2 3 F 5/17/2011 20 12 248 
W3 1 U 5/17/2011 20 7 141 
W3 2 U 5/17/2011 20 4 84 
W3 3 U 5/17/2011 20 4 76 
W3 1 F 5/17/2011 20 8 169 
W3 2 F 5/17/2011 20 7 134 
W3 3 F 5/17/2011 20 9 184 
W4 1 U 5/17/2011 20 3 69 
W4 2 U 5/17/2011 20 4 84 
W4 3 U 5/17/2011 20 3 61 
W4 1 F 5/17/2011 20 6 112 
W4 2 F 5/17/2011 20 10 191 
W4 3 F 5/17/2011 20 8 162 
W5 1 U 5/17/2011 20 3 69 
W5 2 U 5/17/2011 20 5 105 
W5 3 U 5/17/2011 20 7 134 
W5 1 F 5/17/2011 20 9 184 
W5 2 F 5/17/2011 20 8 
 W5 3 F 5/17/2011 20 9 184 
W6 1 U 5/17/2011 20 5 105 
W6 2 U 5/17/2011 20 4 
 W6 3 U 5/17/2011 20 5 105 
W6 1 F 5/17/2011 20 9 176 
W6 2 F 5/17/2011 20 9 176 
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Appendix C: Continued 
Table A3: Continued. 
W6 3 F 5/17/2011 20 10 
 W7 1 U 5/17/2011 20 3 69 
W7 2 U 5/17/2011 20 6 119 
W7 3 U 5/17/2011 20 7 141 
W7 1 F 5/17/2011 20 9 176 
W7 2 F 5/17/2011 20 8 169 
W7 3 F 5/17/2011 20 7 148 
W1 1 F 6/23/2011 2 61 122 
W1 2 F 6/23/2011 2 60 121 
W1 3 F 6/23/2011 2 56 113 
W2 1 F 6/23/2011 2 44 88 
W2 2 F 6/23/2011 2 43 86 
W2 3 F 6/23/2011 2 46 93 
W3 1 F 6/23/2011 2 56 113 
W3 2 F 6/23/2011 2 49 97 
W3 3 F 6/23/2011 2 52 104 
W4 1 F 6/23/2011 2 51 101 
W4 2 F 6/23/2011 2 52 104 
W4 3 F 6/23/2011 2 51 101 
W5 1 F 6/23/2011 2 53 105 
W5 2 F 6/23/2011 2 48 96 
W5 3 F 6/23/2011 2 57 114 
W6 1 F 6/23/2011 2 51 101 
W6 2 F 6/23/2011 2 54 107 
W6 3 F 6/23/2011 2 48 97 
W7 1 F 6/23/2011 2 52 104 
W7 2 F 6/23/2011 2 49 97 
W7 3 F 6/23/2011 2 49 98 
W1 1 U 9/7/2011 2 119 238 
W1 2 U 9/7/2011 2 122 244 
W1 3 U 9/7/2011 2 123 245 
W1 1 F 9/7/2011 2 76 151 
W1 2 F 9/7/2011 2 73 147 
W1 3 F 9/7/2011 2 75 150 
W2 1 U 9/7/2011 2 46 92 
W2 2 U 9/7/2011 2 43 87 
W2 3 U 9/7/2011 2 44 87 
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Appendix C: Continued 
Table A3: Continued. 
W2 1 F 9/7/2011 2 38 77 
W2 2 F 9/7/2011 2 40 81 
W2 3 F 9/7/2011 2 40 81 
W3 1 U 9/7/2011 2 40 81 
W3 2 U 9/7/2011 2 36 72 
W3 3 U 9/7/2011 2 36 72 
W3 1 F 9/7/2011 2 30 61 
W3 2 F 9/7/2011 2 30 61 
W3 3 F 9/7/2011 2 30 60 
W4 1 U 9/7/2011 2 36 71 
W4 2 U 9/7/2011 2 36 73 
W4 3 U 9/7/2011 2 35 69 
W4 1 F 9/7/2011 2 32 64 
W4 2 F 9/7/2011 2 32 64 
W4 3 F 9/7/2011 2 30 61 
W5 1 U 9/7/2011 2 54 107 
W5 2 U 9/7/2011 2 57 114 
W5 3 U 9/7/2011 2 57 114 
W5 1 F 9/7/2011 2 50 99 
W5 2 F 9/7/2011 2 50 100 
W5 3 F 9/7/2011 2 49 97 
W6 1 U 9/7/2011 2 29 57 
W6 2 U 9/7/2011 2 33 65 
W6 3 U 9/7/2011 2 32 64 
W6 1 F 9/7/2011 2 29 57 
W6 2 F 9/7/2011 2 28 56 
W6 3 F 9/7/2011 2 25 50 
W7 1 U 9/7/2011 2 33 67 
W7 2 U 9/7/2011 2 37 74 
W7 3 U 9/7/2011 2 37 74 
W7 1 F 9/7/2011 2 28 57 
W7 2 F 9/7/2011 2 28 56 
W7 3 F 9/7/2011 2 27 54 
W1 1 U 10/15/2011 2 193 385 
W1 2 U 10/15/2011 2 195 389 
W1 3 U 10/15/2011 2 193 387 
W1 1 F 10/15/2011 2 113 225 
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Table A3: Continued. 
W1 2 F 10/15/2011 2 93 186 
W1 3 F 10/15/2011 2 107 215 
W2 1 U 10/15/2011 2 55 110 
W2 2 U 10/15/2011 2 47 94 
W2 3 U 10/15/2011 2 53 106 
W2 1 F 10/15/2011 2 52 104 
W2 2 F 10/15/2011 2 43 87 
W2 3 F 10/15/2011 2 53 105 
W3 1 U 10/15/2011 2 44 88 
W3 2 U 10/15/2011 2 52 104 
W3 3 U 10/15/2011 2 50 100 
W3 1 F 10/15/2011 2 47 95 
W3 2 F 10/15/2011 2 52 104 
W3 3 F 10/15/2011 2 46 91 
W4 1 U 10/15/2011 2 20 39 
W4 2 U 10/15/2011 2 46 92 
W4 3 U 10/15/2011 2 40 80 
W4 1 F 10/15/2011 2 43 85 
W4 2 F 10/15/2011 2 46 92 
W4 3 F 10/15/2011 2 45 90 
W5 1 U 10/15/2011 2 126 252 
W5 2 U 10/15/2011 2 121 242 
W5 3 U 10/15/2011 2 121 243 
W5 1 F 10/15/2011 2 118 235 
W5 2 F 10/15/2011 2 87 173 
W5 3 F 10/15/2011 2 116 231 
W6 1 U 10/15/2011 2 26 53 
W6 2 U 10/15/2011 2 39 78 
W6 3 U 10/15/2011 2 37 75 
W6 1 F 10/15/2011 2 47 93 
W6 2 F 10/15/2011 2 50 100 
W6 3 F 10/15/2011 2 45 90 
W7 1 U 10/15/2011 2 33 66 
W7 2 U 10/15/2011 2 28 57 
W7 3 U 10/15/2011 2 28 57 
W7 1 F 10/15/2011 2 40 79 
W7 2 F 10/15/2011 2 42 85 
 91 
 
Appendix C: Continued 
Table A3: Continued. 
W7 3 F 10/15/2011 2 32 65 
W1 1 U 12/3/2011 1 176 176 
W1 2 U 12/3/2011 1 181 181 
W1 3 U 12/3/2011 1 165 165 
W1 1 F 12/3/2011 2 12 24 
W1 2 F 12/3/2011 2 11 22 
W1 3 F 12/3/2011 2 8 17 
W2 1 U 12/3/2011 1 131 131 
W2 2 U 12/3/2011 1 182 182 
W2 3 U 12/3/2011 1 162 162 
W2 1 F 12/3/2011 2 9 18 
W2 2 F 12/3/2011 2 4 8 
W2 3 F 12/3/2011 2 6 12 
W3 1 U 12/3/2011 1 156 156 
W3 2 U 12/3/2011 1 105 105 
W3 3 U 12/3/2011 1 147 147 
W3 1 F 12/3/2011 2 -6 6 
W3 2 F 12/3/2011 2 7 14 
W3 3 F 12/3/2011 2 9 18 
W4 1 U 12/3/2011 1 164 164 
W4 2 U 12/3/2011 1 141 
 W4 3 U 12/3/2011 1 163 163 
W4 1 F 12/3/2011 2 0 
 W4 2 F 12/3/2011 2 18 37 
W4 3 F 12/3/2011 2 19 38 
W5 1 U 12/3/2011 1 177 177 
W5 2 U 12/3/2011 1 179 179 
W5 3 U 12/3/2011 1 186 186 
W5 1 F 12/3/2011 2 11 23 
W5 2 F 12/3/2011 2 11 22 
W5 3 F 12/3/2011 2 10 20 
W6 1 U 12/3/2011 1 185 185 
W6 2 U 12/3/2011 1 98 
 W6 3 U 12/3/2011 1 182 182 
W6 1 F 12/3/2011 2 11 23 
W6 2 F 12/3/2011 2 4 
 W6 3 F 12/3/2011 2 11 22 
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Table A3: Continued. 
W7 1 U 12/3/2011 1 130 130 
W7 2 U 12/3/2011 1 112 112 
W7 3 U 12/3/2011 1 191 191 
W7 1 F 12/3/2011 2 5 11 
W7 2 F 12/3/2011 2 -2 6 
W7 3 F 12/3/2011 2 4 7 
W1 1 U 1/14/2012 10 18.33 183 
W1 2 U 1/14/2012 10 24.67 247 
W1 3 U 1/14/2012 10 22.00 220 
W1 1 F 1/14/2012 10 10.67 107 
W1 2 F 1/14/2012 10 17.67 177 
W1 3 F 1/14/2012 10 13.67 137 
W2 1 U 1/14/2012 10 17.00 170 
W2 2 U 1/14/2012 10 14.00 140 
W2 3 U 1/14/2012 10 14.67 147 
W2 1 F 1/14/2012 10 10.67 107 
W2 2 F 1/14/2012 10 9.00 90 
W2 3 F 1/14/2012 10 11.00 110 
W3 1 U 1/14/2012 10 11.33 113 
W3 2 U 1/14/2012 10 16.00 160 
W3 3 U 1/14/2012 10 13.33 133 
W3 1 F 1/14/2012 10 9.67 97 
W3 2 F 1/14/2012 10 12.00 120 
W3 3 F 1/14/2012 10 23.67 237 
W4 1 U 1/14/2012 10 13.33 133 
W4 2 U 1/14/2012 10 16.00 160 
W4 3 U 1/14/2012 10 17.00 170 
W4 1 F 1/14/2012 10 26.33 263 
W4 2 F 1/14/2012 10 12.67 127 
W4 3 F 1/14/2012 10 17.33 173 
W5 1 U 1/14/2012 10 28.00 280 
W5 2 U 1/14/2012 10 65.67 657 
W5 3 U 1/14/2012 10 22.67 227 
W5 1 F 1/14/2012 10 12.33 123 
W5 2 F 1/14/2012 10 14.67 147 
W5 3 F 1/14/2012 10 15.33 153 
W6 1 U 1/14/2012 10 13.67 137 
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Table A3: Continued. 
W6 2 U 1/14/2012 10 42.00 420 
W6 3 U 1/14/2012 10 11.00 110 
W6 1 F 1/14/2012 10 13.00 130 
W6 2 F 1/14/2012 10 13.67 137 
W6 3 F 1/14/2012 10 14.00 140 
W7 1 U 1/14/2012 10 17.00 170 
W7 2 U 1/14/2012 10 10.00 
 W7 3 U 1/14/2012 10 17.33 173 
W7 1 F 1/14/2012 10 47.33 473 
W7 2 F 1/14/2012 10 26.00 260 
W7 3 F 1/14/2012 10 23.00 230 
W1 1 U 4/28/2012 5 111.66 558 
W1 2 U 4/28/2012 5 107.86 539 
W1 3 U 4/28/2012 5 127.52 638 
W1 1 F 4/28/2012 5 38.90 194 
W1 2 F 4/28/2012 5 43.72 219 
W1 3 F 4/28/2012 5 40.28 201 
W2 1 U 4/28/2012 2 63.03 126 
W2 2 U 4/28/2012 2 64.76 130 
W2 3 U 4/28/2012 2 73.03 146 
W2 1 F 4/28/2012 2 48.90 98 
W2 2 F 4/28/2012 2 44.41 89 
W2 3 F 4/28/2012 2 47.86 96 
W3 1 U 4/28/2012 2 39.93 80 
W3 2 U 4/28/2012 2 36.48 73 
W3 3 U 4/28/2012 2 42.34 85 
W3 1 F 4/28/2012 2 20.97 42 
W3 2 F 4/28/2012 2 32.34 65 
W3 3 F 4/28/2012 2 28.207 56 
W4 1 U 4/28/2012 2 53.379 107 
W4 2 U 4/28/2012 2 49.24 98 
W4 3 U 4/28/2012 2 46.83 94 
W4 1 F 4/28/2012 2 47.172 94 
W4 2 F 4/28/2012 2 42.34 85 
W4 3 F 4/28/2012 2 41.31 83 
W5 1 U 4/28/2012 5 39.93 200 
W5 2 U 4/28/2012 5 40.966 205 
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Table A3: Continued. 
W5 3 U 4/28/2012 5 39.93 200 
W5 1 F 4/28/2012 5 27.86 139 
W5 2 F 4/28/2012 5 24.76 124 
W5 3 F 4/28/2012 5 27.52 138 
W6 1 U 4/28/2012 2 30.97 62 
W6 2 U 4/28/2012 2 27.172 54 
W6 3 U 4/28/2012 2 24.76 50 
W6 1 F 4/28/2012 2 28.55 57 
W6 2 F 4/28/2012 2 31.31 63 
W6 3 F 4/28/2012 2 33.03 66 
W7 1 U 4/28/2012 2 33.03 66 
W7 2 U 4/28/2012 2 31.655 63 
W7 3 U 4/28/2012 2 32.00 64 
W7 1 F 4/28/2012 2 32.345 65 
W7 2 F 4/28/2012 2 33.03 66 
W7 3 F 4/28/2012 2 29.93 60 
W1 1 U 2/1/2012 4 15.10 60 
W1 2 U 2/1/2012 4 18.77 75 
W1 3 U 2/1/2012 4 10.77 43 
W1 1 U 2/1/2012 4 26.10 104 
W1 2 U 2/1/2012 4 24.10 96 
W1 3 U 2/1/2012 4 17.10 68 
W1 1 U 2/1/2012 4 145.77 583 
W1 2 U 2/1/2012 4 146.77 587 
W1 3 U 2/1/2012 4 146.77 587 
W2 1 U 2/1/2012 2 1.10 6 
W2 2 U 2/1/2012 2 -0.23 6 
W2 3 U 2/1/2012 2 0.10 6 
W2 1 U 2/1/2012 2 10.43 21 
W2 2 U 2/1/2012 2 12.77 26 
W2 3 U 2/1/2012 2 10.43 21 
W2 1 U 2/1/2012 2 15.10 30 
W2 2 U 2/1/2012 2 14.10 28 
W2 3 U 2/1/2012 2 10.10 20 
W3 1 U 2/1/2012 2 27.10 54 
W3 2 U 2/1/2012 2 20.43 41 
W3 3 U 2/1/2012 2 24.43 49 
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Table A3: Continued. 
W3 1 U 2/1/2012 2 2.10 6 
W3 2 U 2/1/2012 2 5.43 11 
W3 3 U 2/1/2012 2 11.43 23 
W3 1 U 2/1/2012 2 13.77 28 
W3 2 U 2/1/2012 2 23.10 46 
W3 3 U 2/1/2012 2 22.10 44 
W5 1 U 2/1/2012 4 32.77 131 
W5 2 U 2/1/2012 4 29.10 116 
W5 3 U 2/1/2012 4 35.77 143 
W5 1 U 2/1/2012 4 59.43 238 
W5 2 U 2/1/2012 4 59.43 238 
W5 3 U 2/1/2012 4 63.10 
 W5 1 U 2/1/2012 4 61.43 246 
W5 2 U 2/1/2012 4 53.77 215 
W5 3 U 2/1/2012 4 51.77 207 
W1 1 U 7/10/2012 5 54.58 273 
W1 2 U 7/10/2012 5 127.16 636 
W1 3 U 7/10/2012 5 116.52 583 
W1 1 U 7/10/2012 5 67.16 336 
W1 2 U 7/10/2012 5 35.23 176 
W1 3 U 7/10/2012 5 39.42 197 
W1 1 U 7/10/2012 5 51.68 258 
W1 2 U 7/10/2012 5 53.61 268 
W1 3 U 7/10/2012 5 36.84 184 
W1 1 U 7/10/2012 5 62.97 315 
W1 2 U 7/10/2012 5 171.35 857 
W1 3 U 7/10/2012 5 85.23 426 
W2 1 U 7/10/2012 5 45.23 226 
W2 2 U 7/10/2012 5 45.87 229 
W2 3 U 7/10/2012 5 44.58 223 
W2 1 U 7/10/2012 5 42.32 212 
W2 2 U 7/10/2012 5 43.94 220 
W2 3 U 7/10/2012 5 45.23 226 
W2 1 U 7/10/2012 5 42.65 213 
W2 2 U 7/10/2012 5 39.42 197 
W2 3 U 7/10/2012 5 47.48 237 
W2 1 U 7/10/2012 5 45.23 226 
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Table A3: Continued. 
W2 2 U 7/10/2012 5 44.58 223 
W2 3 U 7/10/2012 5 46.19 231 
W2 1 F 7/10/2012 5 38.45 192 
W2 2 F 7/10/2012 5 36.84 184 
W2 3 F 7/10/2012 5 34.26 171 
W2 1 F 7/10/2012 5 18.77 94 
W2 2 F 7/10/2012 5 16.19 81 
W2 3 F 7/10/2012 5 18.45 92 
W2 1 F 7/10/2012 5 23.29 116 
W2 2 F 7/10/2012 5 20.71 104 
W2 3 F 7/10/2012 5 22.65 113 
W2 1 F 7/10/2012 5 29.74 149 
W2 2 F 7/10/2012 5 30.39 152 
W2 3 F 7/10/2012 5 30.39 152 
W3 1 F 7/10/2012 5 39.74 199 
W3 2 F 7/10/2012 5 38.13 191 
W3 3 F 7/10/2012 5 40.06 200 
W3 1 F 7/10/2012 5 38.77 194 
W3 2 F 7/10/2012 5 40.71 204 
W3 3 F 7/10/2012 5 39.74 199 
W3 1 F 7/10/2012 5 42.00 210 
W3 2 F 7/10/2012 5 41.35 207 
W3 3 F 7/10/2012 5 38.77 194 
W3 1 F 7/10/2012 5 40.71 204 
W3 2 F 7/10/2012 5 37.48 187 
W3 3 F 7/10/2012 5 41.03 205 
        
Table A4: Ammonium raw data. 
STATION REP F/U DATE 
NH4+-N 
Diltuion 
NH4+-N 
Raw data 
NH4+-N  
mg/L 
W1 1 F 5/17/2011 1 0.34 0.34 
W1 2 F 5/17/2011 1 0.23 0.23 
W1 3 F 5/17/2011 1 0.21 0.21 
W2 1 F 5/17/2011 1 0.11 0.11 
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Table A4: Continued. 
W2 2 F 5/17/2011 1 0.06 0.06 
W2 3 F 5/17/2011 1 0.13 0.13 
W3 1 F 5/17/2011 1 0.02 0.02 
W3 2 F 5/17/2011 1 0.06 0.06 
W3 3 F 5/17/2011 1 0.08 0.08 
W4 1 F 5/17/2011 1 0.06 0.06 
W4 2 F 5/17/2011 1 -0.03 0.01 
W4 3 F 5/17/2011 1 0.08 0.08 
W5 1 F 5/17/2011 1 0.08 0.08 
W5 2 F 5/17/2011 1 0.08 0.08 
W5 3 F 5/17/2011 1 0.05 0.05 
W6 1 F 5/17/2011 1 0.02 0.02 
W6 2 F 5/17/2011 1 0.22 0.22 
W6 3 F 5/17/2011 1 0.07 0.07 
W7 1 F 5/17/2011 1 0.12 0.12 
W7 2 F 5/17/2011 1 0.10 0.10 
W7 3 F 5/17/2011 1 0.07 0.07 
W1 1 F 6/23/2011 5 0.81 4.06 
W1 2 F 6/23/2011 5 0.84 4.19 
W1 3 F 6/23/2011 5 0.81 4.04 
W2 1 F 6/23/2011 1 0.09 0.09 
W2 2 F 6/23/2011 1 0.10 0.10 
W2 3 F 6/23/2011 1 0.05 0.05 
W3 1 F 6/23/2011 1 1.28 1.28 
W3 2 F 6/23/2011 1 1.23 1.23 
W3 3 F 6/23/2011 1 1.25 1.25 
W4 1 F 6/23/2011 1 1.53 1.53 
W4 2 F 6/23/2011 1 1.53 1.53 
W4 3 F 6/23/2011 1 1.53 1.53 
W5 1 F 6/23/2011 5 0.34 1.71 
W5 2 F 6/23/2011 5 0.32 1.62 
W5 3 F 6/23/2011 5 0.32 1.60 
W6 1 F 6/23/2011 1 0.12 0.12 
W6 2 F 6/23/2011 1 0.13 0.13 
W6 3 F 6/23/2011 1 0.12 0.12 
W7 1 F 6/23/2011 1 0.05 0.05 
W7 2 F 6/23/2011 1 0.06 0.06 
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Table A4: Continued. 
W7 3 F 6/23/2011 1 0.02 0.02 
W1 1 F 9/7/2011 5 2.05 10.24 
W1 2 F 9/7/2011 5 2.05 10.25 
W1 3 F 9/7/2011 5 2.09 10.43 
W2 1 F 9/7/2011 1 -0.04 0.01 
W2 2 F 9/7/2011 1 -0.05 0.01 
W2 3 F 9/7/2011 1 -0.02 0.01 
W3 1 F 9/7/2011 1 0.13 0.13 
W3 2 F 9/7/2011 1 0.13 0.13 
W3 3 F 9/7/2011 1 0.13 0.13 
W4 1 F 9/7/2011 1 2.40 2.40 
W4 2 F 9/7/2011 1 2.38 2.38 
W4 3 F 9/7/2011 1 2.35 2.35 
W5 1 F 9/7/2011 5 1.56 7.81 
W5 2 F 9/7/2011 5 2.03 10.16 
W5 3 F 9/7/2011 5 2.46 12.32 
W6 1 F 9/7/2011 1 0.20 0.20 
W6 2 F 9/7/2011 1 0.22 0.22 
W6 3 F 9/7/2011 1 0.23 0.23 
W7 1 F 9/7/2011 1 0.04 0.04 
W7 2 F 9/7/2011 1 0.03 0.03 
W7 3 F 9/7/2011 1 0.04 0.04 
W1 1 F 10/15/2011 5 0.57 2.84 
W1 2 F 10/15/2011 5 0.76 3.79 
W1 3 F 10/15/2011 5 0.74 3.69 
W2 1 F 10/15/2011 1 2.05 2.05 
W2 2 F 10/15/2011 1 1.92 1.92 
W2 3 F 10/15/2011 1 1.83 1.83 
W3 1 F 10/15/2011 1 1.54 1.54 
W3 2 F 10/15/2011 1 1.54 1.54 
W3 3 F 10/15/2011 1 2.49 
 W4 1 F 10/15/2011 1 0.43 0.43 
W4 2 F 10/15/2011 1 0.26 0.26 
W4 3 F 10/15/2011 1 0.30 0.30 
W5 1 F 10/15/2011 5 0.75 3.76 
W5 2 F 10/15/2011 5 0.65 3.24 
W5 3 F 10/15/2011 5 0.49 2.47 
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Table A4: Continued. 
W6 1 F 10/15/2011 1 0.14 0.14 
W6 2 F 10/15/2011 1 0.12 0.12 
W6 3 F 10/15/2011 1 0.15 0.15 
W7 1 F 10/15/2011 1 0.12 0.12 
W7 2 F 10/15/2011 1 0.13 0.13 
W7 3 F 10/15/2011 1 0.10 0.10 
W1 1 F 12/3/2011 5 0.22 1.12 
W1 2 F 12/3/2011 5 0.39 1.95 
W1 3 F 12/3/2011 5 0.26 1.31 
W2 1 F 12/3/2011 5 0.40 1.98 
W2 2 F 12/3/2011 5 0.42 2.12 
W2 3 F 12/3/2011 5 0.58 2.92 
W3 1 F 12/3/2011 5 0.00 0.06 
W3 2 F 12/3/2011 5 0.09 
 W3 3 F 12/3/2011 5 -0.03 0.06 
W4 1 F 12/3/2011 5 -0.03 0.06 
W4 2 F 12/3/2011 5 0.12 0.58 
W4 3 F 12/3/2011 5 0.17 0.87 
W5 1 F 12/3/2011 5 0.47 2.36 
W5 2 F 12/3/2011 5 0.74 3.72 
W5 3 F 12/3/2011 5 0.52 2.60 
W6 1 F 12/3/2011 5 0.03 0.15 
W6 2 F 12/3/2011 5 0.05 0.25 
W6 3 F 12/3/2011 5 0.04 0.20 
W7 1 F 12/3/2011 5 0.04 0.22 
W7 2 F 12/3/2011 5 0.09 0.44 
W7 3 F 12/3/2011 5 0.10 0.48 
W1 1 F 1/14/2012 10 0.19 1.94 
W1 2 F 1/14/2012 10 0.283 2.83 
W1 3 F 1/14/2012 10 0.25 2.46 
W2 1 F 1/14/2012 10 0.01 0.12 
W2 2 F 1/14/2012 10 0.04 
 W2 3 F 1/14/2012 10 0.01 0.12 
W3 1 F 1/14/2012 10 0.62 6.21 
W3 2 F 1/14/2012 10 0.77 7.74 
W3 3 F 1/14/2012 10 0.85 8.51 
W4 1 F 1/14/2012 10 0.84 8.36 
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W4 2 F 1/14/2012 10 0.49 4.89 
W4 3 F 1/14/2012 10 0.60 6.00 
W5 1 F 1/14/2012 10 1.04 10.42 
W5 2 F 1/14/2012 10 1.10 10.98 
W5 3 F 1/14/2012 10 1.34 13.39 
W6 1 F 1/14/2012 10 0.004 0.12 
W6 2 F 1/14/2012 10 0.00 0.12 
W6 3 F 1/14/2012 10 0.001 0.12 
W7 1 F 1/14/2012 10 0.013 0.13 
W7 2 F 1/14/2012 10 0.023 0.23 
W7 3 F 1/14/2012 10 0.031 0.31 
W1 1 F 4/28/2012 5 2.40 11.98 
W1 2 F 4/28/2012 5 3.248 16.24 
W1 3 F 4/28/2012 5 2.69 13.44 
W2 1 F 4/28/2012 10 5.58 55.76 
W2 2 F 4/28/2012 10 5.79 57.88 
W2 3 F 4/28/2012 10 4.46 44.63 
W3 1 F 4/28/2012 5 2.13 10.63 
W3 2 F 4/28/2012 5 1.66 8.31 
W3 3 F 4/28/2012 5 1.87 9.37 
W4 1 F 4/28/2012 10 2.53 25.29 
W4 2 F 4/28/2012 10 2.54 25.44 
W4 3 F 4/28/2012 
   W5 1 F 4/28/2012 5 2.96 14.78 
W5 2 F 4/28/2012 5 3.76 18.78 
W5 3 F 4/28/2012 
   W6 1 F 4/28/2012 1 0.484 0.48 
W6 2 F 4/28/2012 1 0.55 0.55 
W6 3 F 4/28/2012 1 0.629 0.63 
W7 1 F 4/28/2012 1 0.158 0.16 
W7 2 F 4/28/2012 1 0.020 0.02 
W7 3 F 4/28/2012 1 0.146 0.15 
W2 1 F 7/10/2012 5 3.177 15.88 
W2 2 F 7/10/2012 5 2.950 14.75 
W2 3 F 7/10/2012 5 2.777 13.89 
W2 1 F 7/10/2012 5 1.232 6.16 
W2 2 F 7/10/2012 5 1.935 9.67 
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W2 3 F 7/10/2012 5 1.362 6.81 
W2 1 F 7/10/2012 5 1.763 8.82 
W2 2 F 7/10/2012 5 1.905 9.53 
W2 3 F 7/10/2012 5 2.026 10.13 
W2 1 F 7/10/2012 5 2.695 13.48 
W2 2 F 7/10/2012 5 2.955 14.77 
W2 3 F 7/10/2012 5 3.066 15.33 
W3 1 F 7/10/2012 5 3.073 15.37 
W3 2 F 7/10/2012 5 2.516 12.58 
W3 3 F 7/10/2012 5 2.586 12.93 
W3 1 F 7/10/2012 5 1.458 7.29 
W3 2 F 7/10/2012 5 1.737 8.69 
W3 3 F 7/10/2012 5 1.859 9.29 
W3 1 F 7/10/2012 5 2.232 11.16 
W3 2 F 7/10/2012 5 2.239 11.19 
W3 3 F 7/10/2012 5 2.265 11.32 
W3 1 F 7/10/2012 5 2.671 13.35 
W3 2 F 7/10/2012 5 2.396 11.98 
W3 3 F 7/10/2012 5 2.404 12.02 
 
Table A5: Total nitrogen raw data. 
STATION REP F/U DATE 
Total N 
Dilution 
Total N 
Raw Data 
Total N 
mg/L 
W1 1 U 5/17/2011 20 3.31 66.3 
W1 2 U 5/17/2011 20 4.21 84.1 
W1 3 U 5/17/2011 20 1.53 30.5 
W1 1 F 5/17/2011 20 2.81 56.2 
W1 2 F 5/17/2011 20 4.49 89.7 
W1 3 F 5/17/2011 20 4.82 96.4 
W2 1 U 5/17/2011 20 1.80 36.1 
W2 2 U 5/17/2011 20 3.15 62.9 
W2 3 U 5/17/2011 20 2.25 45.0 
W2 1 F 5/17/2011 20 1.80 36.1 
W2 2 F 5/17/2011 20 1.69 33.9 
W2 3 F 5/17/2011 20 2.14 42.8 
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W3 1 U 5/17/2011 20 2.81 56.2 
W3 2 U 5/17/2011 20 2.75 55.1 
W3 3 U 5/17/2011 20 3.65 73.0 
W3 1 F 5/17/2011 20 3.15 62.9 
W3 2 F 5/17/2011 20 3.42 68.5 
W3 3 F 5/17/2011 20 1.13 26.7 
W4 1 U 5/17/2011 20 5.10 102.0 
W4 2 U 5/17/2011 20 2.36 47.3 
W4 3 U 5/17/2011 20 2.81 56.2 
W4 1 F 5/17/2011 20 5.16 103.1 
W4 2 F 5/17/2011 20 2.53 50.6 
W4 3 F 5/17/2011 20 3.15 62.9 
W5 1 U 5/17/2011 20 3.03 60.7 
W5 2 U 5/17/2011 20 2.20 43.9 
W5 3 U 5/17/2011 20 2.08 41.7 
W5 1 F 5/17/2011 20 4.43 88.6 
W5 2 F 5/17/2011 20 4.60 92.0 
W5 3 F 5/17/2011 20 6.89 137.8 
W6 1 U 5/17/2011 20 3.26 65.1 
W6 2 U 5/17/2011 20 2.81 56.2 
W6 3 U 5/17/2011 20 2.20 43.9 
W6 1 F 5/17/2011 20 5.88 117.7 
W6 2 F 5/17/2011 20 5.77 115.4 
W6 3 F 5/17/2011 20 5.55 110.9 
W7 1 U 5/17/2011 20 3.59 71.8 
W7 2 U 5/17/2011 20 2.92 58.4 
W7 3 U 5/17/2011 20 2.87 57.3 
W7 1 F 5/17/2011 20 5.55 110.9 
W7 2 F 5/17/2011 20 5.16 103.1 
W7 3 F 5/17/2011 20 5.77 115.4 
W1 1 F 6/23/2011 5 8.39 42.0 
W1 2 F 6/23/2011 5 7.69 38.5 
W1 3 F 6/23/2011 5 8.27 41.3 
W2 1 F 6/23/2011 5 3.17 15.9 
W2 2 F 6/23/2011 5 4.45 22.2 
W2 3 F 6/23/2011 5 4.45 22.2 
W3 1 F 6/23/2011 5 3.87 19.4 
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W3 2 F 6/23/2011 5 6.10 30.5 
W3 3 F 6/23/2011 5 5.72 28.6 
W4 1 F 6/23/2011 5 4.19 21.0 
W4 2 F 6/23/2011 5 5.21 26.1 
W4 3 F 6/23/2011 5 4.32 21.6 
W5 1 F 6/23/2011 5 7.95 39.7 
W5 2 F 6/23/2011 5 5.40 27.0 
W5 3 F 6/23/2011 5 4.96 24.8 
W6 1 F 6/23/2011 5 11.96 59.8 
W6 2 F 6/23/2011 5 11.52 57.6 
W6 3 F 6/23/2011 5 12.98 64.9 
W7 1 F 6/23/2011 5 12.41 62.0 
W7 2 F 6/23/2011 5 10.88 54.4 
W7 3 F 6/23/2011 5 11.13 55.7 
W1 1 U 9/7/2011 5 12.16 60.8 
W1 2 U 9/7/2011 5 13.23 66.2 
W1 3 U 9/7/2011 5 12.47 62.4 
W1 1 F 9/7/2011 5 11.78 58.9 
W1 2 F 9/7/2011 5 11.59 57.9 
W1 3 F 9/7/2011 5 11.59 57.9 
W2 1 U 9/7/2011 5 6.91 34.5 
W2 2 U 9/7/2011 5 7.60 38.0 
W2 3 U 9/7/2011 5 6.72 33.6 
W2 1 F 9/7/2011 5 7.85 39.3 
W2 2 F 9/7/2011 5 5.39 26.9 
W2 3 F 9/7/2011 5 4.88 24.4 
W3 1 U 9/7/2011 5 8.11 40.5 
W3 2 U 9/7/2011 5 6.59 32.9 
W3 3 U 9/7/2011 5 4.94 24.7 
W3 1 F 9/7/2011 5 5.89 29.5 
W3 2 F 9/7/2011 5 6.53 32.6 
W3 3 F 9/7/2011 5 6.40 32.0 
W4 1 U 9/7/2011 5 9.56 47.8 
W4 2 U 9/7/2011 5 8.61 43.1 
W4 3 U 9/7/2011 5 9.56 47.8 
W4 1 F 9/7/2011 5 7.22 36.1 
W4 2 F 9/7/2011 5 5.96 29.8 
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W4 3 F 9/7/2011 5 9.37 46.9 
W5 1 U 9/7/2011 5 11.15 55.7 
W5 2 U 9/7/2011 5 12.79 64.0 
W5 3 U 9/7/2011 5 11.91 59.5 
W5 1 F 9/7/2011 5 13.30 66.5 
W5 2 F 9/7/2011 5 12.54 62.7 
W5 3 F 9/7/2011 5 12.54 62.7 
W6 1 U 9/7/2011 5 20.01 100.0 
W6 2 U 9/7/2011 5 17.85 89.3 
W6 3 U 9/7/2011 5 19.44 97.2 
W6 1 F 9/7/2011 5 22.28 111.4 
W6 2 F 9/7/2011 5 21.72 108.6 
W6 3 F 9/7/2011 5 24.06 120.3 
W7 1 U 9/7/2011 5 18.93 94.7 
W7 2 U 9/7/2011 5 19.18 95.9 
W7 3 U 9/7/2011 5 15.07 75.3 
W7 1 F 9/7/2011 5 20.07 100.3 
W7 2 F 9/7/2011 5 18.74 93.7 
W7 3 F 9/7/2011 5 22.54 112.7 
W1 1 U 10/15/2011 5 7.92 39.6 
W1 2 U 10/15/2011 5 7.72 38.6 
W1 3 U 10/15/2011 5 7.03 35.2 
W1 1 F 10/15/2011 5 8.68 43.4 
W1 2 F 10/15/2011 5 5.94 29.7 
W1 3 F 10/15/2011 5 6.35 31.7 
W2 1 U 10/15/2011 5 3.54 17.7 
W2 2 U 10/15/2011 5 2.31 11.5 
W2 3 U 10/15/2011 5 2.99 15.0 
W2 1 F 10/15/2011 5 3.68 18.4 
W2 2 F 10/15/2011 5 2.10 10.5 
W2 3 F 10/15/2011 5 3.27 16.3 
W3 1 U 10/15/2011 5 7.65 38.3 
W3 2 U 10/15/2011 5 2.58 12.9 
W3 3 U 10/15/2011 5 3.13 15.7 
W3 1 F 10/15/2011 5 5.87 29.3 
W3 2 F 10/15/2011 5 6.28 31.4 
W3 3 F 10/15/2011 5 0.55 6.7 
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W4 1 U 10/15/2011 5 2.24 11.2 
W4 2 U 10/15/2011 5 2.45 12.2 
W4 3 U 10/15/2011 5 2.03 10.2 
W4 1 F 10/15/2011 5 1.42 7.1 
W4 2 F 10/15/2011 5 1.28 6.7 
W4 3 F 10/15/2011 5 3.61 
 W5 1 U 10/15/2011 5 8.61 
 W5 2 U 10/15/2011 5 6.14 30.7 
W5 3 U 10/15/2011 5 6.21 31.1 
W5 1 F 10/15/2011 5 10.94 54.7 
W5 2 F 10/15/2011 5 11.83 59.1 
W5 3 F 10/15/2011 5 7.10 35.5 
W6 1 U 10/15/2011 5 6.83 34.1 
W6 2 U 10/15/2011 5 5.80 29.0 
W6 3 U 10/15/2011 5 7.10 35.5 
W6 1 F 10/15/2011 5 5.94 29.7 
W6 2 F 10/15/2011 5 6.90 34.5 
W6 3 F 10/15/2011 5 7.10 35.5 
W7 1 U 10/15/2011 5 5.80 29.0 
W7 2 U 10/15/2011 5 6.08 30.4 
W7 3 U 10/15/2011 5 4.91 24.6 
W7 1 F 10/15/2011 1 27.79 27.8 
W7 2 F 10/15/2011 1 30.94 30.9 
W7 3 F 10/15/2011 1 29.36 29.4 
W1 1 U 12/3/2011 5 7.74 38.7 
W1 2 U 12/3/2011 5 7.00 35.0 
W1 3 U 12/3/2011 5 5.98 29.9 
W1 1 F 12/3/2011 5 5.14 25.7 
W1 2 F 12/3/2011 5 5.00 25.0 
W1 3 F 12/3/2011 5 5.14 25.7 
W2 1 U 12/3/2011 5 2.45 12.2 
W2 2 U 12/3/2011 5 2.40 12.0 
W2 3 U 12/3/2011 5 3.03 15.2 
W2 1 F 12/3/2011 5 2.35 11.7 
W2 2 F 12/3/2011 5 1.71 8.6 
W2 3 F 12/3/2011 5 7 36.5 
W3 1 U 12/3/2011 5 2.89 14.4 
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W3 2 U 12/3/2011 5 1.51 7.6 
W3 3 U 12/3/2011 5 8 39.9 
W3 1 F 12/3/2011 5 41 
 W3 2 F 12/3/2011 5 1.81 9.0 
W3 3 F 12/3/2011 5 2.00 10.0 
W4 1 U 12/3/2011 5 1.12 6.7 
W4 2 U 12/3/2011 5 -0.10 6.7 
W4 3 U 12/3/2011 5 0.68 6.7 
W4 1 F 12/3/2011 5 13.72 68.6 
W4 2 F 12/3/2011 5 11.51 57.6 
W4 3 F 12/3/2011 5 12.74 63.7 
W5 1 U 12/3/2011 5 1 6.7 
W5 2 U 12/3/2011 5 3.08 15.4 
W5 3 U 12/3/2011 5 3.28 16.4 
W5 1 F 12/3/2011 5 2.00 10.0 
W5 2 F 12/3/2011 5 2.30 11.5 
W5 3 F 12/3/2011 5 4 21.3 
W6 1 U 12/3/2011 5 5.04 25.2 
W6 2 U 12/3/2011 5 6.37 31.8 
W6 3 U 12/3/2011 5 4.70 23.5 
W6 1 F 12/3/2011 5 5.00 25.0 
W6 2 F 12/3/2011 5 4.75 23.8 
W6 3 F 12/3/2011 5 4.31 21.5 
W7 1 U 12/3/2011 5 5.09 25.5 
W7 2 U 12/3/2011 5 4.21 21.1 
W7 3 U 12/3/2011 5 6.42 32.1 
W7 1 F 12/3/2011 5 4.16 20.8 
W7 2 F 12/3/2011 5 3 13.2 
W7 3 F 12/3/2011 5 4.41 22.0 
W1 1 U 1/14/2012 10 4.49 44.9 
W1 2 U 1/14/2012 10 4.37 43.7 
W1 3 U 1/14/2012 10 5.10 51.0 
W1 1 F 1/14/2012 10 7.63 76.3 
W1 2 F 1/14/2012 10 6.54 65.4 
W1 3 F 1/14/2012 10 4.01 40.1 
W2 1 U 1/14/2012 10 -1.65 13.4 
W2 2 U 1/14/2012 10 0.64 13.4 
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W2 3 U 1/14/2012 10 0.88 13.4 
W2 1 F 1/14/2012 10 0.76 13.4 
W2 2 F 1/14/2012 10 -0.81 13.4 
W2 3 F 1/14/2012 10 1.24 13.4 
W3 1 U 1/14/2012 10 3.41 34.1 
W3 2 U 1/14/2012 10 1.48 14.8 
W3 3 U 1/14/2012 10 1.84 18.4 
W3 1 F 1/14/2012 10 2.20 22.0 
W3 2 F 1/14/2012 10 3.41 34.1 
W3 3 F 1/14/2012 10 1.00 13.4 
W4 1 U 1/14/2012 10 2.20 22.0 
W4 2 U 1/14/2012 10 3.65 36.5 
W4 3 U 1/14/2012 10 2.45 24.5 
W4 1 F 1/14/2012 10 2.69 26.9 
W4 2 F 1/14/2012 10 4.86 48.6 
W4 3 F 1/14/2012 10 1.84 18.4 
W5 1 U 1/14/2012 10 17.63 176.3 
W5 2 U 1/14/2012 10 6.30 63.0 
W5 3 U 1/14/2012 10 12.33 123.3 
W5 1 F 1/14/2012 10 6.78 67.8 
W5 2 F 1/14/2012 10 5.22 52.2 
W5 3 F 1/14/2012 10 6.66 66.6 
W6 1 U 1/14/2012 10 4.01 40.1 
W6 2 U 1/14/2012 10 5.22 52.2 
W6 3 U 1/14/2012 10 5.34 53.4 
W6 1 F 1/14/2012 10 5.34 53.4 
W6 2 F 1/14/2012 10 5.70 57.0 
W6 3 F 1/14/2012 10 7.02 70.2 
W7 1 U 1/14/2012 10 2.69 26.9 
W7 2 U 1/14/2012 10 3.41 34.1 
W7 3 U 1/14/2012 10 4.37 43.7 
W7 1 F 1/14/2012 10 3.05 30.5 
W7 2 F 1/14/2012 10 4.98 49.8 
W7 3 F 1/14/2012 10 5.82 58.2 
W1 1 U 4/28/2012 5 12.06 60.3 
W1 2 U 4/28/2012 5 11.05 55.2 
W1 3 U 4/28/2012 5 11.61 58.1 
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W1 1 F 4/28/2012 5 8.39 41.9 
W1 2 F 4/28/2012 5 8.45 42.2 
W1 3 F 4/28/2012 5 
  W2 1 U 4/28/2012 5 7.94 39.7 
W2 2 U 4/28/2012 5 7.54 37.7 
W2 3 U 4/28/2012 5 8.45 42.2 
W2 1 F 4/28/2012 5 5.73 28.7 
W2 2 F 4/28/2012 5 6.69 33.5 
W2 3 F 4/28/2012 5 7.71 38.6 
W3 1 U 4/28/2012 5 2.006 10.0 
W3 2 U 4/28/2012 5 1.84 9.2 
W3 3 U 4/28/2012 5 2.01 10.0 
W3 1 F 4/28/2012 5 2.18 10.9 
W3 2 F 4/28/2012 5 2.006 10.0 
W3 3 F 4/28/2012 5 2.18 10.9 
W4 1 U 4/28/2012 5 3.42 17.1 
W4 2 U 4/28/2012 5 4.322 21.6 
W4 3 U 4/28/2012 5 4.21 21.0 
W4 1 F 4/28/2012 5 3.87 19.4 
W4 2 F 4/28/2012 5 4.66 23.3 
W4 3 F 4/28/2012 5 4.15 20.8 
W5 1 U 4/28/2012 5 8.62 43.1 
W5 2 U 4/28/2012 5 7.034 35.2 
W5 3 U 4/28/2012 5 6.86 34.3 
W5 1 F 4/28/2012 5 2.91 
 W5 2 F 4/28/2012 5 6.19 30.9 
W5 3 F 4/28/2012 5 6.36 31.8 
W6 1 U 4/28/2012 5 13.64 68.2 
W6 2 U 4/28/2012 5 14.21 71.0 
W6 3 U 4/28/2012 5 13.93 69.6 
W6 1 F 4/28/2012 5 8.90 44.5 
W6 2 F 4/28/2012 5 13.81 69.1 
W6 3 F 4/28/2012 5 11.55 57.8 
W7 1 U 4/28/2012 5 10.88 54.4 
W7 2 U 4/28/2012 5 10.65 53.2 
W7 3 U 4/28/2012 5 13.87 69.4 
W7 1 F 4/28/2012 5 10.59 53.0 
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W7 2 F 4/28/2012 5 11.21 56.1 
W7 3 F 4/28/2012 5 12.01 60.0 
W1 1 U 2/1/2012 5 1.92 9.6 
W1 2 U 2/1/2012 5 2.09 10.4 
W1 3 U 2/1/2012 5 1.98 9.9 
W1 1 U 2/1/2012 5 11.31 56.5 
W1 2 U 2/1/2012 5 10.86 54.3 
W1 3 U 2/1/2012 5 11.47 57.4 
W1 1 U 2/1/2012 5 26.00 130.0 
W1 2 U 2/1/2012 5 8.23 41.2 
W1 3 U 2/1/2012 5 16.50 82.5 
W2 1 U 2/1/2012 5 2.15 10.7 
W2 2 U 2/1/2012 5 3.43 17.2 
W2 3 U 2/1/2012 5 1.25 6.7 
W2 1 U 2/1/2012 5 6.00 30.0 
W2 2 U 2/1/2012 5 6.22 31.1 
W2 3 U 2/1/2012 5 6.28 31.4 
W2 1 U 2/1/2012 5 6.50 32.5 
W2 2 U 2/1/2012 5 8.18 40.9 
W2 3 U 2/1/2012 5 6.95 34.7 
W3 1 U 2/1/2012 5 1.03 6.7 
W3 2 U 2/1/2012 5 1.03 6.7 
W3 3 U 2/1/2012 5 0.97 6.7 
W3 1 U 2/1/2012 5 -0.15 6.7 
W3 2 U 2/1/2012 5 -0.26 6.7 
W3 3 U 2/1/2012 5 2.31 11.6 
W3 1 U 2/1/2012 5 -0.09 6.7 
W3 2 U 2/1/2012 5 1.98 9.9 
W3 3 U 2/1/2012 5 1.98 9.9 
W5 1 U 2/1/2012 5 3.82 19.1 
W5 2 U 2/1/2012 5 3.32 16.6 
W5 3 U 2/1/2012 5 3.37 16.9 
W5 1 U 2/1/2012 5 6.17 30.8 
W5 2 U 2/1/2012 5 6.89 34.5 
W5 3 U 2/1/2012 5 6.95 34.7 
W5 1 U 2/1/2012 5 7.23 36.1 
W5 2 U 2/1/2012 5 5.61 28.0 
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W5 3 U 2/1/2012 5 5.78 28.9 
W1 1 U 7/10/2012 5 2.992 15.0 
W1 2 U 7/10/2012 5 2.678 13.4 
W1 3 U 7/10/2012 5 2.626 13.1 
W1 1 U 7/10/2012 5 1.238 6.7 
W1 2 U 7/10/2012 5 0.846 6.7 
W1 3 U 7/10/2012 5 0.793 6.7 
W1 1 U 7/10/2012 5 1.134 6.7 
W1 2 U 7/10/2012 5 1.369 6.8 
W1 3 U 7/10/2012 5 1.055 6.7 
W1 1 U 7/10/2012 5 1.971 9.9 
W1 2 U 7/10/2012 5 2.678 13.4 
W1 3 U 7/10/2012 5 2.469 12.3 
W2 1 U 7/10/2012 5 2.521 12.6 
W2 2 U 7/10/2012 5 2.259 11.3 
W2 3 U 7/10/2012 5 2.102 10.5 
W2 1 U 7/10/2012 5 0.950 6.7 
W2 2 U 7/10/2012 5 1.029 6.7 
W2 3 U 7/10/2012 5 0.976 6.7 
W2 1 U 7/10/2012 5 1.657 8.3 
W2 2 U 7/10/2012 5 1.552 7.8 
W2 3 U 7/10/2012 5 1.500 7.5 
W2 1 U 7/10/2012 5 2.207 11.0 
W2 2 U 7/10/2012 5 2.102 10.5 
W2 3 U 7/10/2012 5 1.840 9.2 
W2 1 F 7/10/2012 5 0.950 6.7 
W2 2 F 7/10/2012 5 1.055 6.7 
W2 3 F 7/10/2012 5 0.976 6.7 
W2 1 F 7/10/2012 5 0.060 6.7 
W2 2 F 7/10/2012 5 0.296 6.7 
W2 3 F 7/10/2012 5 0.427 6.7 
W2 1 F 7/10/2012 5 0.427 6.7 
W2 2 F 7/10/2012 5 0.584 6.7 
W2 3 F 7/10/2012 5 0.584 6.7 
W2 1 F 7/10/2012 5 0.584 6.7 
W2 2 F 7/10/2012 5 0.453 6.7 
W2 3 F 7/10/2012 5 0.374 6.7 
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W3 1 F 7/10/2012 5 1.866 9.3 
W3 2 F 7/10/2012 5 1.552 7.8 
W3 3 F 7/10/2012 5 1.291 6.7 
W3 1 F 7/10/2012 5 0.374 6.7 
W3 2 F 7/10/2012 5 0.531 6.7 
W3 3 F 7/10/2012 5 0.531 6.7 
W3 1 F 7/10/2012 5 0.584 6.7 
W3 2 F 7/10/2012 5 0.558 6.7 
W3 3 F 7/10/2012 5 0.322 6.7 
W3 1 F 7/10/2012 5 0.531 6.7 
W3 2 F 7/10/2012 5 0.610 6.7 
W3 3 F 7/10/2012 5 0.636 6.7 
 
Table A6: Nitrate raw data. 
STATION REP F/U DATE 
NO3N 
Dilution 
NO3N Raw 
Data NO3N mg/L 
W2 1 F 6/23/2011 1 2.9 
 W2 2 F 6/23/2011 1 0.2 0.2 
W2 3 F 6/23/2011 1 0.2 0.2 
W3 1 F 6/23/2011 1 6.6 6.6 
W3 2 F 6/23/2011 1 4.9 4.9 
W3 3 F 6/23/2011 1 6.4 6.4 
W4 1 F 6/23/2011 1 3.2 3.2 
W4 2 F 6/23/2011 1 3.5 3.5 
W4 3 F 6/23/2011 1 3.1 3.1 
W1 1 F 9/7/2011 1 -0.9 0.0 
W1 2 F 9/7/2011 1 -0.8 0.0 
W1 3 F 9/7/2011 1 -0.8 0.0 
W2 1 F 9/7/2011 1 2.9 
 W2 2 F 9/7/2011 1 0.2 0.2 
W2 3 F 9/7/2011 1 0.2 0.2 
W3 1 F 9/7/2011 1 6.6 6.6 
W3 2 F 9/7/2011 1 4.9 4.9 
W3 3 F 9/7/2011 1 6.4 6.4 
W4 1 F 9/7/2011 1 3.2 3.2 
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W4 2 F 9/7/2011 1 3.5 3.5 
W4 3 F 9/7/2011 1 3.1 3.1 
W5 1 F 9/7/2011 1 -0.7 0.0 
W5 2 F 9/7/2011 1 -0.7 0.0 
W5 3 F 9/7/2011 1 -0.8 0.0 
W6 1 F 9/7/2011 1 11.2 11.2 
W6 2 F 9/7/2011 1 11.2 11.2 
W6 3 F 9/7/2011 1 11.2 11.2 
W7 1 F 9/7/2011 1 11.3 11.3 
W7 2 F 9/7/2011 1 11.2 11.2 
W7 3 F 9/7/2011 1 11.2 11.2 
W5 1 F 10/15/2011 5 6.9 34.7 
W5 2 F 10/15/2011 5 6.8 34.1 
W5 3 F 10/15/2011 5 8.0 39.9 
W1 1 F 12/3/2011 20 1.1 21.5 
W1 2 F 12/3/2011 20 0.9 17.5 
W1 3 F 12/3/2011 20 0.8 16.8 
W2 1 F 12/3/2011 20 0.1 2.1 
W2 2 F 12/3/2011 20 0.1 1.4 
W2 3 F 12/3/2011 20 0.1 1.3 
W3 1 F 12/3/2011 20 0.2 3.2 
W3 2 F 12/3/2011 20 0.2 4.0 
W3 3 F 12/3/2011 20 0 0.8 
W4 1 F 12/3/2011 20 2.7 53.1 
W4 2 F 12/3/2011 20 2.9 58.2 
W4 3 F 12/3/2011 20 2.4 48.3 
W5 1 F 12/3/2011 20 0.0 0.9 
W5 2 F 12/3/2011 20 -0.1 0.2 
W5 3 F 12/3/2011 20 -0.1 0.2 
W6 1 F 12/3/2011 20 0.8 17.0 
W6 2 F 12/3/2011 20 0.8 16.4 
W6 3 F 12/3/2011 20 0.8 15.2 
W7 1 F 12/3/2011 20 1.2 24.7 
W7 2 F 12/3/2011 20 3 65.4 
W7 3 F 12/3/2011 20 1.7 33.9 
W1 1 F 1/14/2012 20 0.7 14.2 
W1 2 F 1/14/2012 20 1.0 19.2 
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W1 3 F 1/14/2012 20 1.0 19.0 
W2 1 F 1/14/2012 20 0.1 2.4 
W2 2 F 1/14/2012 20 0.1 1.2 
W2 3 F 1/14/2012 20 0.0 0.7 
W3 1 F 1/14/2012 2 0.8 1.6 
W3 2 F 1/14/2012 2 1.1 2.2 
W3 3 F 1/14/2012 2 2.0 4.1 
W4 1 F 1/14/2012 2 6.6 13.2 
W4 2 F 1/14/2012 2 3.0 6.1 
W4 3 F 1/14/2012 2 7.0 14.0 
W5 1 F 1/14/2012 2 -0.2 0.0 
W5 2 F 1/14/2012 2 0.0 0.0 
W5 3 F 1/14/2012 2 0.0 0.0 
W6 1 F 1/14/2012 20 1.4 27.5 
W6 2 F 1/14/2012 20 1.1 22.9 
W6 3 F 1/14/2012 20 1.6 31.7 
W7 1 F 1/14/2012 20 1.3 26.8 
W7 2 F 1/14/2012 20 1.3 27.0 
W7 3 F 1/14/2012 20 1.5 29.8 
W1 1 F 4/28/2012 4 15.6 62.2 
W1 2 F 4/28/2012 4 13.9 55.7 
W1 3 F 4/28/2012 4 13.1 52.4 
W2 1 F 4/28/2012 4 -0.2 0.0 
W2 2 F 4/28/2012 4 0.1 0.3 
W2 3 F 4/28/2012 4 0.0 0.0 
W3 1 F 4/28/2012 4 -0.1 0.0 
W3 2 F 4/28/2012 4 -0.1 0.0 
W3 3 F 4/28/2012 4 -0.1 0.0 
W4 1 F 4/28/2012 4 0.7 2.7 
W4 2 F 4/28/2012 4 0.7 2.8 
W4 3 F 4/28/2012 4 0.6 2.5 
W5 1 F 4/28/2012 4 -0.2 0.0 
W5 2 F 4/28/2012 4 -0.20 0.0 
W5 3 F 4/28/2012 4 -0.2 0.0 
W6 1 F 4/28/2012 10 6.4 63.9 
W6 2 F 4/28/2012 10 7.3 72.9 
W6 3 F 4/28/2012 10 6.7 66.7 
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W7 1 F 4/28/2012 10 6.1 61.2 
W7 2 F 4/28/2012 10 6.3 63.2 
W7 3 F 4/28/2012 10 5.8 58.3 
W2 1 F 7/10/2012 2 0.053 0.1 
W2 2 F 7/10/2012 2 0.004 0.0 
W2 3 F 7/10/2012 2 0.036 0.1 
W2 1 F 7/10/2012 2 0.666 1.3 
W2 2 F 7/10/2012 2 0.602 1.2 
W2 3 F 7/10/2012 2 0.569 1.1 
W2 1 F 7/10/2012 2 0.061 0.1 
W2 2 F 7/10/2012 2 0.036 0.1 
W2 3 F 7/10/2012 2 0.101 0.2 
W2 1 F 7/10/2012 2 0.036 0.1 
W2 2 F 7/10/2012 2 0.069 0.1 
W2 3 F 7/10/2012 2 
  W3 1 F 7/10/2012 1 0.093 0.1 
W3 2 F 7/10/2012 1 0.125 0.1 
W3 3 F 7/10/2012 1 0.166 0.2 
W3 1 F 7/10/2012 1 0.408 0.4 
W3 2 F 7/10/2012 1 0.408 0.4 
W3 3 F 7/10/2012 1 0.448 0.4 
W3 1 F 7/10/2012 1 0.271 0.3 
W3 2 F 7/10/2012 1 0.384 0.4 
W3 3 F 7/10/2012 1 0.416 0.4 
W3 1 F 7/10/2012 1 0.190 0.2 
W3 2 F 7/10/2012 1 0.117 0.1 
W3 3 F 7/10/2012 1 0.101 0.1 
 
Table A7: Total phosphorus raw data. 
STATION REP F/U DATE 
Total P 
Dilution 
Total P Raw 
Data Total P mg/L 
W1 1 U 5/17/2011 100 0.436 43.6 
W1 2 U 5/17/2011 100 0.483 48.3 
W1 3 U 5/17/2011 100 0.442 44.2 
W1 1 F 5/17/2011 100 0.49 49.0 
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W1 2 F 5/17/2011 100 0.45 45.0 
W1 3 F 5/17/2011 100 0.43 43.4 
W2 1 U 5/17/2011 100 0.467 46.7 
W2 2 U 5/17/2011 100 0.535 53.5 
W2 3 U 5/17/2011 100 0.429 42.9 
W2 1 F 5/17/2011 100 0.38 38.3 
W2 2 F 5/17/2011 100 0.63 63.0 
W2 3 F 5/17/2011 100 0.49 49.1 
W3 1 U 5/17/2011 100 0.511 51.1 
W3 2 U 5/17/2011 100 0.561 56.1 
W3 3 U 5/17/2011 100 0.522 52.2 
W3 1 F 5/17/2011 100 1.28 127.5 
W3 2 F 5/17/2011 100 0.76 
 W3 3 F 5/17/2011 100 1.28 128.0 
W4 1 U 5/17/2011 100 0.478 47.8 
W4 2 U 5/17/2011 100 0.382 38.2 
W4 3 U 5/17/2011 100 0.499 49.9 
W4 1 F 5/17/2011 100 0.68 67.6 
W4 2 F 5/17/2011 100 0.56 55.8 
W4 3 F 5/17/2011 100 0.67 66.8 
W5 1 U 5/17/2011 100 0.511 51.1 
W5 2 U 5/17/2011 100 0.455 45.5 
W5 3 U 5/17/2011 100 0.545 54.5 
W5 1 F 5/17/2011 100 0.38 37.5 
W5 2 F 5/17/2011 100 0.47 46.7 
W5 3 F 5/17/2011 100 0.52 52.4 
W6 1 U 5/17/2011 100 0.708 70.8 
W6 2 U 5/17/2011 100 0.488 48.8 
W6 3 U 5/17/2011 100 0.557 55.7 
W6 1 F 5/17/2011 100 0.44 44.2 
W6 2 F 5/17/2011 100 0.57 57.1 
W6 3 F 5/17/2011 100 0.54 53.5 
W7 1 U 5/17/2011 100 0.426 42.6 
W7 2 U 5/17/2011 100 0.816 81.6 
W7 3 U 5/17/2011 100 0.609 60.9 
W7 1 F 5/17/2011 100 0.39 
 W7 2 F 5/17/2011 100 0.61 61.4 
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W7 3 F 5/17/2011 100 0.62 61.5 
W1 1 F 6/23/2011 50 0.36 18.0 
W1 2 F 6/23/2011 50 0.41 20.3 
W1 3 F 6/23/2011 50 0.40 20.2 
W2 1 F 6/23/2011 50 0.34 17.1 
W2 2 F 6/23/2011 50 0.32 16.6 
W2 3 F 6/23/2011 50 0.33 16.6 
W3 1 F 6/23/2011 50 0.36 18.1 
W3 2 F 6/23/2011 50 0.41 20.4 
W3 3 F 6/23/2011 50 0.39 19.7 
W4 1 F 6/23/2011 50 0.32 16.6 
W4 2 F 6/23/2011 50 0.31 16.6 
W4 3 F 6/23/2011 50 0.35 17.4 
W5 1 F 6/23/2011 50 0.36 17.9 
W5 2 F 6/23/2011 50 0.37 18.4 
W5 3 F 6/23/2011 50 0.35 17.5 
W6 1 F 6/23/2011 50 0.34 17.1 
W6 2 F 6/23/2011 50 0.33 16.7 
W6 3 F 6/23/2011 50 0.36 17.8 
W7 1 F 6/23/2011 50 0.36 18.2 
W7 2 F 6/23/2011 50 0.36 18.2 
W7 3 F 6/23/2011 50 0.33 16.6 
W1 1 U 9/7/2011 60 0.563 33.8 
W1 2 U 9/7/2011 60 0.250 19.9 
W1 3 U 9/7/2011 60 0.529 31.7 
W1 1 F 9/7/2011 60 0.504 30.3 
W1 2 F 9/7/2011 60 0.522 31.3 
W1 3 F 9/7/2011 60 0.530 31.8 
W2 1 U 9/7/2011 60 0.395 23.7 
W2 2 U 9/7/2011 60 0.465 27.9 
W2 3 U 9/7/2011 60 0.415 24.9 
W2 1 F 9/7/2011 60 0.444 26.6 
W2 2 F 9/7/2011 60 0.380 22.8 
W2 3 F 9/7/2011 60 0.401 24.1 
W3 1 U 9/7/2011 60 0.432 25.9 
W3 2 U 9/7/2011 60 0.428 25.7 
W3 3 U 9/7/2011 60 0.408 24.5 
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W3 1 F 9/7/2011 60 0.542 32.5 
W3 2 F 9/7/2011 60 0.529 31.7 
W3 3 F 9/7/2011 60 0.588 35.3 
W4 1 U 9/7/2011 60 0.555 33.3 
W4 2 U 9/7/2011 60 0.767 46.0 
W4 3 U 9/7/2011 60 0.918 55.1 
W4 1 F 9/7/2011 60 0.718 43.1 
W4 2 F 9/7/2011 60 0.627 37.6 
W4 3 F 9/7/2011 60 0.766 45.9 
W5 1 U 9/7/2011 60 0.511 30.7 
W5 2 U 9/7/2011 60 0.488 29.3 
W5 3 U 9/7/2011 60 0.135 19.9 
W5 1 F 9/7/2011 60 0.632 37.9 
W5 2 F 9/7/2011 60 0.534 32.0 
W5 3 F 9/7/2011 60 0.204 19.9 
W6 1 U 9/7/2011 60 0.364 21.8 
W6 2 U 9/7/2011 60 0.388 23.3 
W6 3 U 9/7/2011 60 0.299 19.9 
W6 1 F 9/7/2011 60 0.346 20.8 
W6 2 F 9/7/2011 60 0.334 20.1 
W6 3 F 9/7/2011 60 0.372 22.3 
W7 1 U 9/7/2011 60 0.287 19.9 
W7 2 U 9/7/2011 60 0.486 29.2 
W7 3 U 9/7/2011 60 0.138 19.9 
W7 1 F 9/7/2011 60 0.227 19.9 
W7 2 F 9/7/2011 60 0.250 19.9 
W7 3 F 9/7/2011 60 0.192 19.9 
W1 1 U 10/15/2011 50 0.775 38.7 
W1 2 U 10/15/2011 50 0.767 38.4 
W1 3 U 10/15/2011 50 0.733 36.6 
W1 1 F 10/15/2011 70 0.421 29.5 
W1 2 F 10/15/2011 70 0.423 29.6 
W1 3 F 10/15/2011 70 0.435 30.4 
W2 1 U 10/15/2011 50 0.629 31.4 
W2 2 U 10/15/2011 50 0.625 31.2 
W2 3 U 10/15/2011 50 0.671 33.6 
W2 1 F 10/15/2011 70 0.385 26.9 
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W2 2 F 10/15/2011 70 0.381 26.7 
W2 3 F 10/15/2011 70 0.394 27.6 
W3 1 U 10/15/2011 50 0.763 38.2 
W3 2 U 10/15/2011 50 0.781 39.0 
W3 3 U 10/15/2011 50 0.775 38.7 
W3 1 F 10/15/2011 70 0.404 28.3 
W3 2 F 10/15/2011 70 0.394 27.6 
W3 3 F 10/15/2011 70 0.394 27.6 
W4 1 U 10/15/2011 50 0.934 46.7 
W4 2 U 10/15/2011 50 0.961 48.1 
W4 3 U 10/15/2011 50 0.977 48.8 
W4 1 F 10/15/2011 70 0.341 23.8 
W4 2 F 10/15/2011 70 0.323 23.2 
W4 3 F 10/15/2011 70 0.306 23.2 
W5 1 U 10/15/2011 50 1.017 50.8 
W5 2 U 10/15/2011 50 0.977 48.8 
W5 3 U 10/15/2011 50 0.850 42.5 
W5 1 F 10/15/2011 70 0.371 26.0 
W5 2 F 10/15/2011 70 0.367 25.7 
W5 3 F 10/15/2011 70 0.415 29.1 
W6 1 U 10/15/2011 50 0.986 49.3 
W6 2 U 10/15/2011 50 1.042 52.1 
W6 3 U 10/15/2011 50 1.142 57.1 
W6 1 F 10/15/2011 70 0.377 26.4 
W6 2 F 10/15/2011 70 0.408 28.5 
W6 3 F 10/15/2011 70 0.469 32.8 
W7 1 U 10/15/2011 50 1.257 62.9 
W7 2 U 10/15/2011 50 1.111 55.6 
W7 3 U 10/15/2011 50 1.109 55.5 
W7 1 F 10/15/2011 70 0.410 28.7 
W7 2 F 10/15/2011 70 0.402 28.1 
W7 3 F 10/15/2011 70 0.410 28.7 
W1 1 U 12/3/2011 50 0.473 23.6 
W1 2 U 12/3/2011 50 0.459 23.0 
W1 3 U 12/3/2011 50 0.464 23.2 
W1 1 F 12/3/2011 50 0.047 16.6 
W1 2 F 12/3/2011 50 0.059 16.6 
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W1 3 F 12/3/2011 50 0.047 16.6 
W2 1 U 12/3/2011 50 0.432 21.6 
W2 2 U 12/3/2011 50 0.446 22.3 
W2 3 U 12/3/2011 50 0.431 21.5 
W2 1 F 12/3/2011 50 0.056 16.6 
W2 2 F 12/3/2011 50 0.066 16.6 
W2 3 F 12/3/2011 50 0.049 16.6 
W3 1 U 12/3/2011 50 0.459 23.0 
W3 2 U 12/3/2011 50 0.463 23.1 
W3 3 U 12/3/2011 50 0.471 23.5 
W3 1 F 12/3/2011 50 0.054 16.6 
W3 2 F 12/3/2011 50 0.084 16.6 
W3 3 F 12/3/2011 50 0.081 16.6 
W4 1 U 12/3/2011 50 0.461 23.0 
W4 2 U 12/3/2011 50 0.456 22.8 
W4 3 U 12/3/2011 50 0.466 23.3 
W4 1 F 12/3/2011 50 0.073 16.6 
W4 2 F 12/3/2011 50 0.081 16.6 
W4 3 F 12/3/2011 50 0.071 16.6 
W5 1 U 12/3/2011 50 0.486 24.3 
W5 2 U 12/3/2011 50 0.488 24.4 
W5 3 U 12/3/2011 50 0.461 23.0 
W5 1 F 12/3/2011 50 0.064 16.6 
W5 2 F 12/3/2011 50 0.059 16.6 
W5 3 F 12/3/2011 50 0.069 16.6 
W6 1 U 12/3/2011 50 0.417 20.9 
W6 2 U 12/3/2011 50 0.417 20.9 
W6 3 U 12/3/2011 50 0.404 20.2 
W6 1 F 12/3/2011 50 0.084 16.6 
W6 2 F 12/3/2011 50 0.051 16.6 
W6 3 F 12/3/2011 50 0.083 16.6 
W7 1 U 12/3/2011 50 0.427 21.4 
W7 2 U 12/3/2011 50 0.434 21.7 
W7 3 U 12/3/2011 50 0.417 20.9 
W7 1 F 12/3/2011 50 0.046 16.6 
W7 2 F 12/3/2011 50 0.063 16.6 
W7 3 F 12/3/2011 50 0.074 16.6 
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W1 1 U 1/14/2012 60 0.308 19.9 
W1 2 U 1/14/2012 60 0.409 24.5 
W1 3 U 1/14/2012 60 0.439 26.4 
W1 1 F 1/14/2012 70 0.389 27.2 
W1 2 F 1/14/2012 70 0.353 24.7 
W1 3 F 1/14/2012 70 0.298 23.2 
W2 1 U 1/14/2012 60 0.215 19.9 
W2 2 U 1/14/2012 60 0.332 19.9 
W2 3 U 1/14/2012 60 0.393 23.6 
W2 1 F 1/14/2012 70 0.301 23.2 
W2 2 F 1/14/2012 70 0.299 23.2 
W2 3 F 1/14/2012 70 0.343 24.0 
W3 1 U 1/14/2012 60 0.422 25.3 
W3 2 U 1/14/2012 60 0.404 24.2 
W3 3 U 1/14/2012 60 0.427 25.6 
W3 1 F 1/14/2012 70 0.325 23.2 
W3 2 F 1/14/2012 70 0.316 23.2 
W3 3 F 1/14/2012 70 0.326 23.2 
W4 1 U 1/14/2012 60 0.443 26.6 
W4 2 U 1/14/2012 60 0.423 25.4 
W4 3 U 1/14/2012 60 0.443 26.6 
W4 1 F 1/14/2012 70 0.332 23.2 
W4 2 F 1/14/2012 70 0.326 23.2 
W4 3 F 1/14/2012 70 0.325 23.2 
W5 1 U 1/14/2012 60 0.380 22.8 
W5 2 U 1/14/2012 60 0.396 23.8 
W5 3 U 1/14/2012 60 0.393 23.6 
W5 1 F 1/14/2012 70 0.307 23.2 
W5 2 F 1/14/2012 70 0.301 23.2 
W5 3 F 1/14/2012 70 0.303 23.2 
W6 1 U 1/14/2012 60 0.366 22.0 
W6 2 U 1/14/2012 60 0.380 22.8 
W6 3 U 1/14/2012 60 0.380 22.8 
W6 1 F 1/14/2012 70 0.296 23.2 
W6 2 F 1/14/2012 70 0.287 23.2 
W6 3 F 1/14/2012 70 0.294 23.2 
W7 1 U 1/14/2012 60 0.355 21.3 
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W7 2 U 1/14/2012 60 0.348 20.9 
W7 3 U 1/14/2012 60 0.346 20.8 
W7 1 F 1/14/2012 70 0.292 23.2 
W7 2 F 1/14/2012 70 0.285 23.2 
W7 3 F 1/14/2012 70 0.283 23.2 
W1 1 U 4/28/2012 60 1.083 65.0 
W1 2 U 4/28/2012 60 0.927 55.6 
W1 3 U 4/28/2012 60 0.592 35.5 
W1 1 F 4/28/2012 60 0.564 33.8 
W1 2 F 4/28/2012 60 0.445 26.7 
W1 3 F 4/28/2012 60 0.013 19.9 
W2 1 U 4/28/2012 60 0.422 25.3 
W2 2 U 4/28/2012 60 0.378 22.7 
W2 3 U 4/28/2012 60 0.373 22.4 
W2 1 F 4/28/2012 60 0.526 31.6 
W2 2 F 4/28/2012 60 0.365 21.9 
W2 3 F 4/28/2012 60 0.519 31.1 
W3 1 U 4/28/2012 60 0.620 37.2 
W3 2 U 4/28/2012 60 0.686 41.2 
W3 3 U 4/28/2012 60 0.541 32.4 
W3 1 F 4/28/2012 60 0.503 30.2 
W3 2 F 4/28/2012 60 0.566 33.9 
W3 3 F 4/28/2012 60 0.389 23.3 
W4 1 U 4/28/2012 60 0.361 21.6 
W4 2 U 4/28/2012 60 0.329 19.9 
W4 3 U 4/28/2012 60 0.381 22.9 
W4 1 F 4/28/2012 60 0.323 19.9 
W4 2 F 4/28/2012 60 0.428 25.7 
W4 3 F 4/28/2012 
  
0.0 
W5 1 U 4/28/2012 60 0.517 31.0 
W5 2 U 4/28/2012 60 0.634 38.1 
W5 3 U 4/28/2012 60 0.556 33.4 
W5 1 F 4/28/2012 60 0.411 24.6 
W5 2 F 4/28/2012 60 0.451 27.1 
W5 3 F 4/28/2012 60 0.494 29.6 
W6 1 U 4/28/2012 60 0.520 31.2 
W6 2 U 4/28/2012 60 0.440 26.4 
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W6 3 U 4/28/2012 60 0.559 33.6 
W6 1 F 4/28/2012 60 0.486 29.1 
W6 2 F 4/28/2012 60 0.594 35.6 
W6 3 F 4/28/2012 60 0.503 30.2 
W7 1 U 4/28/2012 60 0.628 37.7 
W7 2 U 4/28/2012 60 0.544 32.6 
W7 3 U 4/28/2012 60 0.620 37.2 
W7 1 F 4/28/2012 60 0.512 30.7 
W7 2 F 4/28/2012 60 0.372 22.3 
W7 3 F 4/28/2012 60 0.389 23.3 
W1 1 U 2/1/2012 80 0.308 26.6 
W1 2 U 2/1/2012 80 0.409 32.7 
W1 3 U 2/1/2012 80 0.439 35.2 
W1 1 U 2/1/2012 80 0.389 31.1 
W1 2 U 2/1/2012 80 0.353 28.3 
W1 3 U 2/1/2012 80 0.298 26.6 
W1 1 U 2/1/2012 80 0.215 26.6 
W1 2 U 2/1/2012 80 0.332 26.6 
W1 3 U 2/1/2012 80 0.393 31.4 
W2 1 U 2/1/2012 80 0.301 26.6 
W2 2 U 2/1/2012 80 0.299 26.6 
W2 3 U 2/1/2012 80 0.343 27.4 
W2 1 U 2/1/2012 80 0.422 33.7 
W2 2 U 2/1/2012 80 0.404 32.3 
W2 3 U 2/1/2012 80 0.427 34.2 
W2 1 U 2/1/2012 80 0.325 26.6 
W2 2 U 2/1/2012 80 0.316 26.6 
W2 3 U 2/1/2012 80 0.326 26.6 
W3 1 U 2/1/2012 80 0.443 35.4 
W3 2 U 2/1/2012 80 0.423 33.9 
W3 3 U 2/1/2012 80 0.443 35.4 
W3 1 U 2/1/2012 80 0.332 26.6 
W3 2 U 2/1/2012 80 0.326 26.6 
W3 3 U 2/1/2012 80 0.325 26.6 
W3 1 U 2/1/2012 80 0.380 30.4 
W3 2 U 2/1/2012 80 0.396 31.7 
W3 3 U 2/1/2012 80 0.393 31.4 
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W5 1 U 2/1/2012 80 0.307 26.6 
W5 2 U 2/1/2012 80 0.301 26.6 
W5 3 U 2/1/2012 80 0.303 26.6 
W5 1 U 2/1/2012 80 0.366 29.3 
W5 2 U 2/1/2012 80 0.380 30.4 
W5 3 U 2/1/2012 80 0.380 30.4 
W5 1 U 2/1/2012 80 0.296 26.6 
W5 2 U 2/1/2012 80 0.287 26.6 
W5 3 U 2/1/2012 80 0.294 26.6 
W1 1 U 7/10/2012 5 0.80 4.0 
W1 2 U 7/10/2012 5 0.83 4.2 
W1 3 U 7/10/2012 5 1.14 5.7 
W1 1 U 7/10/2012 5 0.41 2.1 
W1 2 U 7/10/2012 5 0.42 2.1 
W1 3 U 7/10/2012 5 0.42 2.1 
W1 1 U 7/10/2012 5 0.51 2.6 
W1 2 U 7/10/2012 5 0.43 2.1 
W1 3 U 7/10/2012 5 0.40 2.0 
W1 1 U 7/10/2012 5 0.58 2.9 
W1 2 U 7/10/2012 5 0.68 3.4 
W1 3 U 7/10/2012 5 0.70 3.5 
W2 1 U 7/10/2012 5 0.29 1.7 
W2 2 U 7/10/2012 5 0.34 1.7 
W2 3 U 7/10/2012 5 0.23 1.7 
W2 1 U 7/10/2012 5 0.25 1.7 
W2 2 U 7/10/2012 5 0.25 1.7 
W2 3 U 7/10/2012 5 0.37 1.9 
W2 1 U 7/10/2012 5 0.28 1.7 
W2 2 U 7/10/2012 5 0.36 1.8 
W2 3 U 7/10/2012 5 0.32 1.7 
W2 1 U 7/10/2012 5 0.29 1.7 
W2 2 U 7/10/2012 5 0.31 1.7 
W2 3 U 7/10/2012 5 0.31 1.7 
W2 1 F 7/10/2012 5 0.54 2.7 
W2 2 F 7/10/2012 5 0.43 2.2 
W2 3 F 7/10/2012 5 0.33 1.7 
W2 1 F 7/10/2012 5 0.38 1.9 
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W2 2 F 7/10/2012 5 0.51 2.6 
W2 3 F 7/10/2012 5 0.31 1.7 
W2 1 F 7/10/2012 5 0.44 2.2 
W2 2 F 7/10/2012 5 0.36 1.8 
W2 3 F 7/10/2012 5 0.33 1.7 
W2 1 F 7/10/2012 5 0.38 1.9 
W2 2 F 7/10/2012 5 0.48 2.4 
W2 3 F 7/10/2012 5 0.42 2.1 
W3 1 F 7/10/2012 5 0.36 1.8 
W3 2 F 7/10/2012 5 0.24 1.7 
W3 3 F 7/10/2012 5 0.31 1.7 
W3 1 F 7/10/2012 5 0.23 1.7 
W3 2 F 7/10/2012 5 0.31 1.7 
W3 3 F 7/10/2012 5 0.39 2.0 
W3 1 F 7/10/2012 5 0.26 1.7 
W3 2 F 7/10/2012 5 0.28 1.7 
W3 3 F 7/10/2012 5 0.28 1.7 
W3 1 F 7/10/2012 5 0.28 1.7 
W3 2 F 7/10/2012 5 0.27 1.7 
W3 3 F 7/10/2012 5 0.37 1.8 
 
Table A8: Orthophosphate raw data. 
STATION REP F/U DATE 
PO4P 
Dilution 
PO4P Raw 
Data PO4P mg/L 
W1 1 F 5/17/2011 50 0.84 42.19 
W1 2 F 5/17/2011 50 0.63 31.60 
W1 3 F 5/17/2011 50 0.64 32.14 
W2 1 F 5/17/2011 50 1.61 80.50 
W2 2 F 5/17/2011 50 0.99 49.35 
W2 3 F 5/17/2011 50 0.62 31.06 
W3 1 F 5/17/2011 50 0.80 40.11 
W3 2 F 5/17/2011 50 0.89 44.28 
W3 3 F 5/17/2011 50 0.71 35.68 
W4 1 F 5/17/2011 50 0.78 39.03 
W4 2 F 5/17/2011 50 0.92 46.09 
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W4 3 F 5/17/2011 50 0.71 35.40 
W5 1 F 5/17/2011 50 0.82 40.84 
W5 2 F 5/17/2011 50 0.88 44.19 
W5 3 F 5/17/2011 50 0.89 44.55 
W6 1 F 5/17/2011 50 0.69 34.59 
W6 2 F 5/17/2011 50 0.95 47.45 
W6 3 F 5/17/2011 50 1.20 60.12 
W7 1 F 5/17/2011 50 0.80 39.75 
W7 2 F 5/17/2011 50 1.29 
 W7 3 F 5/17/2011 50 0.78 39.21 
W1 1 F 6/23/2011 50 0.35 17.29 
W1 2 F 6/23/2011 50 0.35 17.66 
W1 3 F 6/23/2011 50 0.38 18.92 
W2 1 F 6/23/2011 50 0.33 16.39 
W2 2 F 6/23/2011 50 0.34 16.75 
W2 3 F 6/23/2011 50 0.34 17.20 
W3 1 F 6/23/2011 50 0.37 18.74 
W3 2 F 6/23/2011 50 0.37 18.38 
W3 3 F 6/23/2011 50 0.35 17.66 
W4 1 F 6/23/2011 50 0.34 17.02 
W4 2 F 6/23/2011 50 0.32 15.94 
W4 3 F 6/23/2011 50 0.34 16.84 
W5 1 F 6/23/2011 50 0.35 17.57 
W5 2 F 6/23/2011 50 0.37 18.38 
W5 3 F 6/23/2011 50 0.37 18.47 
W6 1 F 6/23/2011 50 0.34 17.02 
W6 2 F 6/23/2011 50 0.34 17.20 
W6 3 F 6/23/2011 50 0.37 18.65 
W7 1 F 6/23/2011 50 0.35 17.57 
W7 2 F 6/23/2011 50 0.33 16.39 
W7 3 F 6/23/2011 50 0.34 17.20 
W1 1 F 9/7/2011 60 0.400 24.01 
W1 2 F 9/7/2011 60 0.406 24.34 
W1 3 F 9/7/2011 60 0.397 23.80 
W2 1 F 9/7/2011 60 0.469 28.14 
W2 2 F 9/7/2011 60 0.435 26.08 
W2 3 F 9/7/2011 60 0.460 27.60 
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W3 1 F 9/7/2011 60 0.377 22.60 
W3 2 F 9/7/2011 60 0.397 23.80 
W3 3 F 9/7/2011 60 0.397 23.80 
W4 1 F 9/7/2011 60 0.395 23.69 
W4 2 F 9/7/2011 60 0.464 27.82 
W4 3 F 9/7/2011 60 0.377 22.60 
W5 1 F 9/7/2011 60 0.409 24.56 
W5 2 F 9/7/2011 60 0.413 24.77 
W5 3 F 9/7/2011 60 0.413 24.77 
W6 1 F 9/7/2011 60 0.359 21.51 
W6 2 F 9/7/2011 60 0.359 21.51 
W6 3 F 9/7/2011 60 0.362 21.73 
W7 1 F 9/7/2011 60 0.380 22.82 
W7 2 F 9/7/2011 60 0.377 22.60 
W7 3 F 9/7/2011 60 0.384 23.04 
W1 1 F 10/15/2011 70 0.374 26.17 
W1 2 F 10/15/2011 70 0.381 26.69 
W1 3 F 10/15/2011 70 0.450 31.48 
W2 1 F 10/15/2011 70 0.278 19.43 
W2 2 F 10/15/2011 70 0.283 19.82 
W2 3 F 10/15/2011 70 0.315 22.02 
W3 1 F 10/15/2011 70 0.294 20.60 
W3 2 F 10/15/2011 70 0.291 20.34 
W3 3 F 10/15/2011 70 0.315 22.02 
W4 1 F 10/15/2011 70 0.272 19.04 
W4 2 F 10/15/2011 70 0.294 20.60 
W4 3 F 10/15/2011 70 0.248 17.36 
W5 1 F 10/15/2011 70 0.257 18.01 
W5 2 F 10/15/2011 70 0.246 17.23 
W5 3 F 10/15/2011 70 0.278 19.43 
W6 1 F 10/15/2011 70 0.326 22.80 
W6 2 F 10/15/2011 70 0.315 22.02 
W6 3 F 10/15/2011 70 0.311 21.77 
W7 1 F 10/15/2011 70 0.313 21.90 
W7 2 F 10/15/2011 70 0.278 19.43 
W7 3 F 10/15/2011 70 0.298 20.86 
W1 1 F 12/3/2011 50 0.093 4.63 
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W1 2 F 12/3/2011 50 0.082 4.10 
W1 3 F 12/3/2011 50 0.101 5.06 
W2 1 F 12/3/2011 50 0.098 4.89 
W2 2 F 12/3/2011 50 0.112 5.59 
W2 3 F 12/3/2011 50 0.082 4.10 
W3 1 F 12/3/2011 50 0.077 3.84 
W3 2 F 12/3/2011 50 0.061 3.06 
W3 3 F 12/3/2011 50 0.051 2.54 
W4 1 F 12/3/2011 50 0.143 7.15 
W4 2 F 12/3/2011 50 0.066 3.32 
W4 3 F 12/3/2011 50 0.093 4.63 
W5 1 F 12/3/2011 50 0.058 2.88 
W5 2 F 12/3/2011 50 0.105 5.24 
W5 3 F 12/3/2011 50 0.065 3.23 
W6 1 F 12/3/2011 50 0.127 6.37 
W6 2 F 12/3/2011 50 0.209 10.47 
W6 3 F 12/3/2011 50 0.453 22.66 
W7 1 F 12/3/2011 50 0.112 5.59 
W7 2 F 12/3/2011 50 0.073 3.67 
W7 3 F 12/3/2011 50 0.087 4.37 
W1 1 F 1/14/2012 60 0.367 21.99 
W1 2 F 1/14/2012 60 0.346 20.75 
W1 3 F 1/14/2012 60 0.700 
 W2 1 F 1/14/2012 60 0.386 23.13 
W2 2 F 1/14/2012 60 0.660 39.63 
W2 3 F 1/14/2012 60 0.610 36.62 
W3 1 F 1/14/2012 60 0.377 22.61 
W3 2 F 1/14/2012 60 0.562 33.71 
W3 3 F 1/14/2012 60 0.647 38.80 
W4 1 F 1/14/2012 60 0.365 21.89 
W4 2 F 1/14/2012 60 0.512 30.71 
W4 3 F 1/14/2012 60 0.709 42.53 
W5 1 F 1/14/2012 60 0.505 30.29 
W5 2 F 1/14/2012 60 0.481 28.84 
W5 3 F 1/14/2012 60 0.598 35.89 
W6 1 F 1/14/2012 60 0.361 21.68 
W6 2 F 1/14/2012 60 0.411 24.69 
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W6 3 F 1/14/2012 60 0.548 32.88 
W7 1 F 1/14/2012 60 0.370 22.20 
W7 2 F 1/14/2012 60 0.387 23.24 
W7 3 F 1/14/2012 60 0.429 25.73 
W1 1 F 4/28/2012 60 0.269 16.15 
W1 2 F 4/28/2012 60 0.255 15.27 
W1 3 F 4/28/2012 60 0.253 15.17 
W2 1 F 4/28/2012 60 0.246 14.73 
W2 2 F 4/28/2012 60 0.240 14.40 
W2 3 F 4/28/2012 60 0.242 14.51 
W3 1 F 4/28/2012 60 0.258 15.49 
W3 2 F 4/28/2012 60 0.235 14.08 
W3 3 F 4/28/2012 60 0.242 14.51 
W4 1 F 4/28/2012 60 0.189 11.36 
W4 2 F 4/28/2012 60 0.204 12.23 
W4 3 F 4/28/2012 60 0.193 11.58 
W5 1 F 4/28/2012 60 0.256 15.38 
W5 2 F 4/28/2012 60 0.224 13.43 
W5 3 F 4/28/2012 60 0.249 14.95 
W6 1 F 4/28/2012 60 0.246 14.73 
W6 2 F 4/28/2012 60 0.249 14.95 
W6 3 F 4/28/2012 60 0.236 14.19 
W7 1 F 4/28/2012 60 0.235 14.08 
W7 2 F 4/28/2012 60 0.264 15.82 
W7 3 F 4/28/2012 60 0.262 15.71 
W2 1 F 7/10/2012 5 3.758 18.79 
W2 2 F 7/10/2012 5 3.490 17.45 
W2 3 F 7/10/2012 5 3.285 16.43 
W2 1 F 7/10/2012 5 1.459 7.29 
W2 2 F 7/10/2012 5 2.289 11.44 
W2 3 F 7/10/2012 5 1.612 8.06 
W2 1 F 7/10/2012 5 2.086 10.43 
W2 2 F 7/10/2012 5 2.254 11.27 
W2 3 F 7/10/2012 5 2.397 11.98 
W2 1 F 7/10/2012 5 3.188 15.94 
W2 2 F 7/10/2012 5 3.495 17.47 
W2 3 F 7/10/2012 5 3.626 18.13 
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W3 1 F 7/10/2012 5 3.635 18.18 
W3 2 F 7/10/2012 5 2.977 14.88 
W3 3 F 7/10/2012 5 3.059 15.29 
W3 1 F 7/10/2012 5 1.725 8.63 
W3 2 F 7/10/2012 5 2.055 10.28 
W3 3 F 7/10/2012 5 2.200 11.00 
W3 1 F 7/10/2012 5 2.641 13.21 
W3 2 F 7/10/2012 5 2.648 13.24 
W3 3 F 7/10/2012 5 2.679 13.40 
W3 1 F 7/10/2012 5 3.159 15.80 
W3 2 F 7/10/2012 5 2.835 14.17 
W3 3 F 7/10/2012 5 2.844 14.22 
 
Table A9: TSS/VSS raw data. 
Date Station Rep Volume (mL) 
TSS 
(mg/L) VSS (mg/L) 
5/17/2011 W1 1 100 73 68 
5/17/2011 W1 2 100 61 41 
5/17/2011 W2 1 100 69 60 
5/17/2011 W2 2 100 66 57 
5/17/2011 W3 1 100 49 3 
5/17/2011 W3 2 100 55 6 
5/17/2011 W4 1 100 55 53 
5/17/2011 W4 2 100 59 23 
5/17/2011 W5 1 100 41 38 
5/17/2011 W5 2 100 45 45 
5/17/2011 W6 1 100 50 11 
5/17/2011 W6 2 100 47 17 
5/17/2011 W7 1 100 66 63 
5/17/2011 W7 2 100 55 48 
6/32//2011 W1 1 50 130 100 
6/32//2011 W1 2 50 186 156 
6/32//2011 W1 3 50 146 132 
6/32//2011 W2 1 50 54 42 
6/32//2011 W2 2 50 34 30 
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6/32//2011 W2 3 50 24 24 
6/32//2011 W3 1 50 72 40 
6/32//2011 W3 2 50 42 28 
6/32//2011 W3 3 50 34 44 
6/32//2011 W4 1 50 40 24 
6/32//2011 W4 2 50 20 22 
6/32//2011 W4 3 50 66 30 
6/32//2011 W5 1 50 32 22 
6/32//2011 W5 2 50   
6/32//2011 W5 3 50   
6/32//2011 W6 1 50   
6/32//2011 W6 2 50   
6/32//2011 W6 3 50   
6/32//2011 W7 1 50 30 20 
6/32//2011 W7 2 50 36 26 
6/23/2011 W7 3 50 74 34 
10/15/2011 W1 1 19 1368 721 
10/15/2011 W1 2 17 2418 1935 
10/15/2011 W1 3 10 2670 1990 
10/15/2011 W2 1 101 35 11 
10/15/2011 W2 2 101 52 32 
10/15/2011 W2 3 100 39 17 
10/15/2011 W3 1 100 41 15 
10/15/2011 W3 2 100 38 15 
10/15/2011 W3 3 100 34 15 
10/15/2011 W4 1 100 62 16 
10/15/2011 W4 2 48 75 21 
10/15/2011 W4 3 52 119 35 
10/15/2011 W5 1 49 84 8 
10/15/2011 W5 2 100 54 18 
10/15/2011 W5 3 100 52 25 
10/15/2011 W6 1 100 42 12 
10/15/2011 W6 2 100 41 13 
10/15/2011 W6 3 100 38 13 
10/15/2011 W7 1 100 32 11 
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10/15/2011 W7 2 100 38 22 
10/15/2011 W7 3 100 31 13 
12/03/2011 W1 1 30 424 294 
12/03/2011 W1 2 30 328 223 
12/03/2011 W1 3 30 290 193 
12/03/2011 W2 1 100 33 16 
12/03/2011 W2 2 100 35 25 
12/03/2011 W2 3 100 36 5 
12/03/2011 W3 1 100 50 36 
12/03/2011 W3 2 100 26 22 
12/03/2011 W3 3 100 45 5 
12/03/2011 W4 1 100 39 15 
12/03/2011 W4 2 100 47 19 
12/03/2011 W4 3 100 42 21 
12/03/2011 W5 1 100 48 21 
12/03/2011 W5 2 100 44 17 
12/03/2011 W5 3 100 40 17 
12/03/2011 W6 1 100 37 14 
12/03/2011 W6 2 100 40 17 
12/03/2011 W6 3 100 40 17 
12/03/2011 W7 1 100 43 2 
12/03/2011 W7 2 100 77 39 
12/03/2011 W7 3 100 60 47 
1/14/2012 W1 1 30 470 315 
1/14/2012 W1 2 30 480 302 
1/14/2012 W1 3 30 436 259 
1/14/2012 W2 1 100 23 6 
1/14/2012 W2 2 100 28 8 
1/14/2012 W2 3 100 30 9 
1/14/2012 W3 1 100 25 9 
1/14/2012 W3 2 100 31 10 
1/14/2012 W3 3 100 25 6 
1/14/2012 W4 1 100 29 12 
1/14/2012 W4 2 100 28 11 
1/14/2012 W4 3 100 28 11 
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1/14/2012 W5 1 100 26 33 
1/14/2012 W5 2 100 26 6 
1/14/2012 W5 3 100 25 -2 
1/14/2012 W6 1 100 29 11 
1/14/2012 W6 2 100 35 13 
1/14/2012 W6 3 100 31 12 
1/14/2012 W7 1 100 27 13 
1/14/2012 W7 2 100 28 10 
1/14/2012 W7 3 100 30 12 
4/28/2012 W1 1 50 626 485 
4/28/2012 W1 2 30 746 550 
4/28/2012 W1 3 30 824 635 
4/28/2012 W2 1 100 40 22 
4/28/2012 W2 2 100 37 20 
4/28/2012 W2 3 100 41 23 
4/28/2012 W3 1 100 20 10 
4/28/2012 W3 2 100 26 6 
4/28/2012 W3 3 100 32 8 
4/28/2012 W4 1 50 58 15 
4/28/2012 W4 2 50 57 17 
4/28/2012 W4 3 50 59 19 
4/28/2012 W5 1 100 43 28 
4/28/2012 W5 2 100 44 29 
4/28/2012 W5 3 100 45 29 
4/28/2012 W6 1 100 26 16 
4/28/2012 W6 2 100 32 14 
4/28/2012 W6 3 100 34 14 
4/28/2012 W7 1 100 26 13 
4/28/2012 W7 2 100 26 10 
4/28/2012 W7 3 100 27 12 
 
  
 133 
 
Appendix D: Plant and Soil Total Nitrogen Raw Data 
Table A10: Total nitrogen in R. magle plant samples. 
5/8/2012 
Sample 
code Replicate 
mg 
sample Area mg N 
 
SM1 1 5 3914.34 0.097 
  
 
2 5 4038.82 0.101 
    3 5 4538.16 0.117 
  SM2 1 5 4038.09 0.101 
  
 
2 5 4474.96 0.115 
    3 5 4574.65 0.119 
  SM3 1 5 4214.14 0.107 
  
 
2 5 3826.28 0.094 
    3 5 4046.87 0.102 
  NM1 1 5 4471.2 0.115 
  
 
2 5 4442.52 0.114 
    3 5 4313.49 0.110 
  NM2 1 5 5154.68 0.137 
  
 
2 5 4960.31 0.131 
    3 5 5282.37 0.141 
  NM3 1 5 4739.33 0.124 
  
 
2 5 4568.18 0.118 
    3 5 4428.83 0.114 
  GM1 1 5 2639.73 0.056 
  
 
2 5 2657.03 0.057 
    3 5 2705.07 0.058 
  GM2 1 5 2629.45 0.056 
  
 
2 5 2364.63 0.047 
    3 5 2264.00 0.044 
  GM3 1 5 2514.11 0.052 
  
 
2 5 2408.03 0.049 
    3 5 2401.84 0.049 
  NM1* 1 5 3032.49 0.069 
  
 
2 5 3054.88 0.070 
    3 5 3096.91 0.071 
  NM2* 1 5 2936.24 0.066 
  
 
2 5 3059.01 0.070 
    3 5 2978.33 0.067 
  NM3* 1 5 2841.04 0.063 
  
 
2 5 2640.68 0.056 
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    3 5 2781.12 0.061 
  SM1* 1 5 2738.46 0.059 
  
 
2 5 2618.15 0.056 
    3 5 2682.37 0.058 
  SM2* 1 5 4847.65 0.127 
  
 
2 5 4028.14 0.101 
    3 5 3916.76 0.097 
  SM3* 1 5 3105.24 0.071 
  
 
2 5 3271.28 0.077 
    3 5 3411.79 0.081 
2/8/2012 
 
 
   
 
SM1 1 5 4865.52 0.128 
  
 
2 5 5014.24 0.133 
    3 5 5911.31 0.162 
  SM2 1 5 4720.60 0.123 
  
 
2 5 4128.81 0.104 
    3 5 4074.75 0.102 
  SM3 1 5 5505.59 0.149 
  
 
2 5 4700.59 0.123 
    3 5 4557.30 0.118 
  NM1 1 5 4649.30 0.121 
  
 
2 5 3985.69 0.100 
    3 5 3870.86 0.096 
  NM2 1 5 4270.91 0.109 
  
 
2 5 3610.15 0.087 
    3 5 4194.02 0.106 
  NM3 1 5 4494.18 0.116 
  
 
2 5 4491.88 0.116 
    3 5 4367.85 0.112 
  GM1 1 5 3094.70 0.071 
  
 
2 5 3119.26 0.072 
    3 5 3003.68 0.068 
  GM2 1 5 3134.00 0.072 
  
 
2 5 2763.68 0.060 
    3 5 2786.56 0.061 
  GM3 1 5 3442.27 0.082 
  
 
2 5 3142.49 0.072 
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    3 5 3200.43 0.074 
  NM1* 1 5 2977.93 0.067 
  
 
2 5 3169.17 0.073 
    3 5 3208.16 0.075 
  NM2* 1 5 3210.69 0.075 
  
 
2 5 2693.65 0.058 
    3 5 2838.63 0.063 
  NM3* 1 5 3313.01 0.078 
  
 
2 5 3109.90 0.071 
    3 5 3071.72 0.070 
  SM1* 1 5 4015.52 0.101 
  
 
2 5 4323.11 0.110 
    3 5 3262.01 0.076 
  SM2* 1 5 3950.94 0.098 
  
 
2 5 4156.13 0.105 
    3 5 3954.08 0.099 
  SM3* 1 5 3540.56 0.085 
  
 
2 5 4059.48 0.102 
    3 5 3819.47 0.094 
9/23/2012 
     
 
SM1 1 5 3500.50 0.084 
  
 
2 5 3893.00 0.097 
    3 5 3393.70 0.081 
  SM2 1 5 4311.17 0.110 
  
 
2 5 4312.41 0.110 
    3 5 4113.42 0.104 
  SM3 1 5 3394.18 0.081 
  
 
2 5 3319.01 0.078 
    3 5 3464.48 0.083 
  NM1 1 5 3931.65 0.098 
  
 
2 5 3738.15 0.092 
    3 5 3728.16 0.091 
  NM2 1 5 5829.57 0.159 
  
 
2 5 5783.58 0.158 
    3 5 5748.68 0.156 
  NM3 1 5 4351.76 0.111 
  
 
2 5 4667.38 0.122 
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    3 5 4375.33 0.112 
  GM1 1 5 3690.90 0.090 
  
 
2 5 3606.15 0.087 
    3 5 3691.34 0.090 
  GM2 1 5 3553.21 0.086 
  
 
2 5 3527.43 0.085 
    3 5 3471.46 0.083 
  GM3 1 5 3445.39 0.082 
  
 
2 5 3363.64 0.080 
    3 5 3638.84 0.088 
8/31/2012 1 year control 
     GM1 1 5 3587.76 0.087 
  
 
2 5 3601.41 0.087 
    3 5 3696.85 0.090 
  GM2 1 5 3897.16 0.097 
  
 
2 5 3785.12 0.093 
    3 5 3669.37 0.089 
  GM3 1 5 4003.75 0.100 
  
 
2 5 3758.13 0.092 
    3 5 3699.93 0.090 
 
Table A11: Total nitrogen in J. romerianus plant samples. 
5/8/2012 
Sample 
code Replicate 
mg 
sample Area mg N 
 
SJ1 1 5 4683.86 0.122 
  
 
2 5 4645.90 0.121 
    3 5 4520.41 0.117 
  SJ2 1 5 5057.35 0.134 
  
 
2 5 4787.49 0.125 
    3 5 4782.60 0.125 
  SJ3 1 5 4859.17 0.128 
  
 
2 5 4750.33 0.124 
    3 5 4533.52 0.117 
  NJ1 1 5 4729.23 0.124 
  
 
2 5 4843.64 0.127 
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    3 5 4624.27 0.120 
  NJ2 1 5 4646.33 0.121 
  
 
2 5 4855.53 0.128 
    3 5 4981.68 0.132 
  NJ3 1 5 5140.83 0.137 
  
 
2 5 4833.36 0.127 
    3 5 5032.31 0.133 
  GJ1 1 5 2336.01 0.046 
  
 
2 5 2195.11 0.042 
    3 5 2097.96 0.039 
  GJ2 1 5 2757.08 0.060 
  
 
2 5 2442.10 0.050 
    3 5 2449.56 0.050 
  GJ3 1 5 2477.95 0.051 
  
 
2 5 2471.37 0.051 
    3 5 2300.58 0.045 
2/8/2012 
     
 
SJ1 1 5 3732.68 0.091 
  
 
2 5 3802.61 0.094 
    3 5 3535.83 0.085 
  SJ2 1 5 3788.39 0.093 
  
 
2 5 3592.33 0.087 
    3 5 3383.96 0.080 
  SJ3 1 5 4195.55 0.106 
  
 
2 5 4371.11 0.112 
    3 5 4013.59 0.100 
  NJ1 1 5 4068.70 0.102 
  
 
2 5 3951.41 0.098 
    3 5 3740.95 0.092 
  NJ2 1 5 4152.55 0.105 
  
 
2 5 4094.78 0.103 
    3 5 3645.03 0.089 
  NJ3 1 5 4199.76 0.106 
  
 
2 5 3559.54 0.086 
    3 5 3584.44 0.087 
  GJ1 1 5 2797.56 0.061 
  
 
2 5 2752.01 0.060 
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    3 5 2990.90 0.068 
  GJ2 1 5 3064.96 0.070 
  
 
2 5 2758.09 0.060 
    3 5 2735.43 0.059 
  GJ3 1 5 2345.94 0.047 
  
 
2 5 2249.73 0.044 
    3 5 2255.50 0.044 
9/23/2012 
     
 
SJ1 1 5 3164.55 0.073 
  
 
2 5 3169.20 0.073 
    3 5 3248.54 0.076 
  SJ2 1 5 3016.83 0.068 
  
 
2 5 2948.75 0.066 
    3 5 3059.95 0.070 
  SJ3 1 5 2965.75 0.067 
  
 
2 5 2944.74 0.066 
    3 5 2780.60 0.061 
  NJ1 1 5 2988.71 0.067 
  
 
2 5 3019.98 0.068 
    3 5 2821.55 0.062 
  NJ2 1 5 3076.83 0.070 
  
 
2 5 3184.08 0.074 
    3 5 3199.23 0.074 
  NJ3 1 5 3096.89 0.071 
  
 
2 5 3111.99 0.071 
    3 5 2962.56 0.067 
  GJ1 1 5 2704.74 0.058 
  
 
2 5 2634.33 0.056 
    3 5 2748.67 0.060 
  GJ2 1 5 2685.46 0.058 
  
 
2 5 2589.58 0.055 
    3 5 2650.48 0.057 
  GJ3 1 5 2409.10 0.049 
  
 
2 5 2340.24 0.047 
    3 5 2335.07 0.046 
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Table A12: Total nitrogen in S. alterniflora  plant samples. 
 
5/8/2012 
Sample 
code Replicate 
mg 
sample Area mg N 
 
SS1 1 5 4000.68 0.100 
  
 
2 5 4338.24 0.111 
    3 5 4216.75 0.107 
  SS2 1 5 5400.09 0.145 
  
 
2 5 5232.31 0.140 
    3 5 5258.84 0.141 
  SS3 1 5 5036.12 0.133 
  
 
2 5 4799.49 0.126 
    3 5 4784.5 0.125 
  NS1 1 5 4608.52 0.120 
  
 
2 5 4184.45 0.106 
    3 5 4528.13 0.117 
  NS2 1 5 4113.58 0.104 
  
 
2 5 4124.31 0.104 
    3 5 3965.54 0.099 
  NS3 1 5 4680.31 0.122 
  
 
2 5 4868.68 0.128 
    3 5 4787.24 0.125 
  GS1 1 5 3650.89 0.089 
  
 
2 5 3311.55 0.078 
    3 5 3103.09 0.071 
  GS2 1 5 2449.51 0.050 
  
 
2 5 2396.00 0.048 
    3 5 2790.17 0.061 
  GS3 1 5 3264.43 0.076 
  
 
2 5 3189.23 0.074 
    3 5 3356.24 0.079 
2/8/2012 
     
 
SS1 1 5 4633.65 0.120 
  
 
2 5 4392.26 0.113 
    3 5 4386.12 0.113 
  SS2 1 5 4459.73 0.115 
  
 
2 5 3485.77 0.083 
    3 5 4200.48 0.107 
  SS3 1 5 4050.01 0.102 
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2 5 4486.39 0.116 
    3 5 4301.65 0.110 
  NS1 1 5 4557.72 0.118 
  
 
2 5 4816.28 0.126 
    3 5 5256.36 0.141 
  NS2 1 5 5279.45 0.141 
  
 
2 5 5078.58 0.135 
    3 5 5022.94 0.133 
  NS3 1 5 4159.56 0.105 
  
 
2 5 3803.66 0.094 
    3 5 3578.94 0.086 
  GS1 1 5 3566.61 0.086 
  
 
2 5 3428.66 0.082 
    3 5 3573.38 0.086 
  GS2 1 5 3180.47 0.074 
  
 
2 5 3206.63 0.074 
    3 5 3380.28 0.080 
  GS3 1 5 4094.29 0.103 
  
 
2 5 3857.21 0.095 
    3 5 3929.16 0.098 
9/23/2012 
       SS1 1 5 2670.00 0.057 
  
 
2 5 2850.68 0.063 
    3 5 2826.36 0.062 
  SS2 1 5 3140.25 0.072 
  
 
2 5 3114.90 0.072 
    3 5 2890.16 0.064 
  SS3 1 5 3244.23 0.076 
  
 
2 5 3026.07 0.069 
    3 5 3116.47 0.072 
  GS1 1 5 2932.56 0.066 
  
 
2 5 2860.28 0.063 
    3 5 2659.45 0.057 
  GS2 1 5 2568.28 0.054 
  
 
2 5 2542.57 0.053 
    3 5 2438.32 0.050 
  GS3 1 5 2453.83 0.050 
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Table A12: Continued. 
 
  
 
2 5 2515.73 0.052 
    3 5 2231.48 0.043 
 
Table A13: Total nitrogen in R. mangle soil samples. 
5/8/2012 
Sample 
code Replicate 
mg 
sample Area mg N 
 
SM1 1 5 1804.53 0.029 
  
 
2 5 1851.27 0.031 
    3 5 1781.96 0.029 
  SM2 1 5 2073.85 0.038 
  
 
2 5 2263.38 0.044 
    3 5 2122.86 0.040 
  SM3 1 5 2016.19 0.036 
  
 
2 5 2166.46 0.041 
    3 5 2140.46 0.040 
  NM1 1 5 
Burnt 
Sample #VALUE! 
  
 
2 5 
Burnt 
Sample #VALUE! 
    3 5 
Burnt 
Sample #VALUE! 
  NM2 1 5 
Burnt 
Sample #VALUE! 
  
 
2 5 
Burnt 
Sample #VALUE! 
    3 5 
Burnt 
Sample #VALUE! 
  NM3 1 5 1728.76 0.027 
  
 
2 5 1709.67 0.026 
    3 5 1816.60 0.030 
  GM1 1 5 1509.73 0.020 
  
 
2 5 1370.18 0.015 
    3 5 1572.67 0.022 
  GM2 1 5 1355.55 0.015 
  
 
2 5 1842.41 0.031 
    3 5 2005.34 0.036 
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  GM3 1 5 1540.65 0.021 
  
 
2 5 1669.02 0.025 
    3 5 1861.69 0.031 
  NM1* 1 5 1667.71 0.025 
  
 
2 5 1662.96 0.025 
    3 5 1677.21 0.025 
  NM2* 1 5 1686.09 0.025 
  
 
2 5 1698.03 0.026 
    3 5 1721.95 0.027 
  NM3* 1 5 1843.05 0.031 
  
 
2 5 1773.28 0.028 
    3 5 1906.34 0.033 
  SM1* 1 5 1677.80 0.025 
  
 
2 5 1762.03 0.028 
    3 5 1818.78 0.030 
  SM2* 1 5 1923.85 0.033 
  
 
2 5 2044.49 0.037 
    3 5 1893.53 0.032 
  SM3* 1 5 1486.37 0.019 
  
 
2 5 1592.47 0.022 
    3 5 1547.29 0.021 
2/8/2012 
    
 
SM1 1 5 2142.36 0.040 
  
 
2 5 1819.68 0.030 
    3 5 2178.93 0.041 
  SM2 1 5 1503.44 0.020 
  
 
2 5 1659.59 0.025 
    3 5 1539.19 0.021 
  SM3 1 5 1636.84 0.024 
  
 
2 5 1903.24 0.032 
    3 5 1767.95 0.028 
  NM1 1 5 1556.84 0.021 
  
 
2 5 1706.49 0.026 
    3 5 1770.65 0.028 
  NM2 1 5 1930.79 0.033 
  
 
2 5 1833.80 0.030 
    3 5 1730.85 0.027 
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Table A13: Continued. 
 
  NM3 1 5 1474.30 0.019 
  
 
2 5 1587.30 0.022 
    3 5 1421.55 0.017 
  GM1 1 5 1526.56 0.020 
  
 
2 5 1539.77 0.021 
    3 5 1425.27 0.017 
  GM2 1 5 1632.43 0.024 
  
 
2 5 1640.67 0.024 
    3 5 1753.19 0.028 
  GM3 1 5 1396.97 0.016 
  
 
2 5 1689.16 0.026 
    3 5 1567.00 0.022 
  NM1* 1 5 1660.57 0.025 
  
 
2 5 1746.81 0.027 
    3 5 1546.47 0.021 
  NM2* 1 5 1885.41 0.032 
  
 
2 5 1585.96 0.022 
    3 5 1636.00 0.024 
  NM3* 1 5 1552.46 0.021 
  
 
2 5 1638.82 0.024 
    3 5 1378.65 0.016 
  SM1* 1 5 1771.70 0.028 
  
 
2 5 1658.55 0.025 
    3 5 1650.84 0.024 
  SM2* 1 5 1771.40 0.028 
  
 
2 5 1605.87 0.023 
    3 5 1661.99 0.025 
  SM3* 1 5 2129.52 0.040 
  
 
2 5 2073.67 0.038 
    3 5 2177.87 0.041 
      9/23/2012 
       NM1 1 5 1230.82 0.011 
  
 
2 5 1186.42 0.009 
    3 5 1219.39 0.010 
  NM2 1 5 1442.38 0.018 
  
 
2 5 1555.17 0.021 
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    3 5 1624.71 0.024 
  GM1 1 5 1782.54 0.029 
  
 
2 5 1668.49 0.025 
    3 5 1743.45 0.027 
  GM2 1 5 1943.20 0.034 
  
 
2 5 1789.95 0.029 
    3 5 1980.95 0.035 
  GM3 1 5 2336.85 0.046 
  
 
2 5 1681.43 0.025 
    3 5 2066.56 0.038 
8/31/2012 1 year control 
     GM1 1 5 1893.90 0.032 
  
 
2 5 1688.99 0.026 
    3 5 2058.01 0.037 
  GM2 1 5 1725.55 0.027 
  
 
2 5 1605.31 0.023 
    3 5 1946.02 0.034 
  GM3 1 5 1812.92 0.030 
  
 
2 5 1831.21 0.030 
    3 5 2076.03 0.038 
 
Table A14: Total nitrogen in J. romerianus soil samples. 
5/8/2012 
Sample 
code Replicate 
mg 
sample Area mg N 
 
SJ1 1 5 
Burnt 
sample #VALUE! 
  
 
2 5 
Burnt 
sample #VALUE! 
    3 5 
Burnt 
sample #VALUE! 
  SJ2 1 5 
Burnt 
sample #VALUE! 
  
 
2 5 
Burnt 
sample #VALUE! 
    3 5 
Burnt 
sample #VALUE! 
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Table A14: Continued. 
 
  SJ3 1 5 
Burnt 
sample #VALUE! 
  
 
2 5 
Burnt 
sample #VALUE! 
    3 5 
Burnt 
sample #VALUE! 
  NJ1 1 5 
Burnt 
sample #VALUE! 
  
 
2 5 
Burnt 
sample #VALUE! 
    3 5 
Burnt 
sample #VALUE! 
  NJ2 1 5 
Burnt 
sample #VALUE! 
  
 
2 5 
Burnt 
sample #VALUE! 
    3 5 
Burnt 
sample #VALUE! 
  NJ3 1 5 2341.86 0.047 
  
 
2 5 2344.75 0.047 
    3 5 2326.89 0.046 
  GJ1 1 5 2207.32 0.042 
  
 
2 5 2204.10 0.042 
    3 5 1914.98 0.033 
  GJ2 1 5 2452.02 0.050 
  
 
2 5 2303.88 0.045 
    3 5 2358.62 0.047 
  GJ3 1 5 2442.58 0.050 
  
 
2 5 2432.90 0.050 
    3 5 2390.35 0.048 
2/8/2012 
     
 
SJ1 1 5 3904.51 0.097 
  
 
2 5 3787.96 0.093 
    3 5 3816.41 0.094 
  SJ2 1 5 2675.93 0.057 
  
 
2 5 2611.02 0.055 
    3 5 2689.66 0.058 
  SJ3 1 5 2680.46 0.058 
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Table A14: Continued. 
 
  
 
2 5 2496.62 0.052 
    3 5 2275.48 0.044 
  NJ1 1 5 2738.21 0.059 
  
 
2 5 2582.90 0.054 
    3 5 2627.12 0.056 
  NJ2 1 5 2339.86 0.047 
  
 
2 5 2319.84 0.046 
    3 5 2360.20 0.047 
  NJ3 1 5 2925.89 0.065 
  
 
2 5 2859.96 0.063 
    3 5 3082.69 0.070 
  GJ1 1 5 2412.84 0.049 
  
 
2 5 2034.93 0.037 
    3 5 2478.09 0.051 
  GJ2 1 5 2130.34 0.040 
  
 
2 5 2106.47 0.039 
    3 5 2180.26 0.041 
  GJ3 1 5 2676.91 0.057 
  
 
2 5 2922.63 0.065 
    3 5 2655.39 0.057 
  NJ1* 1 5 2312.30 0.046 
  
 
2 5 2193.27 0.042 
    3 5 2311.71 0.046 
  NJ2* 1 5 2112.61 0.039 
  
 
2 5 2337.25 0.046 
    3 5 2198.43 0.042 
9/23/2012 
     
 
SJ1 1 5 3259.89 0.076 
  
 
2 5 3307.73 0.078 
    3 5 3525.19 0.085 
  SJ2 1 5 2190.09 0.042 
  
 
2 5 2103.04 0.039 
    3 5 2121.54 0.040 
  SJ3 1 5 2711.81 0.059 
  
 
2 5 2657.97 0.057 
    3 5 2662.78 0.057 
  NJ1 1 5 2559.24 0.054 
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2 5 3069.77 0.070 
    3 5 2933.58 0.066 
  NJ2 1 5 2811.61 0.062 
  
 
2 5 2527.25 0.053 
    3 5 2710.59 0.059 
 
Table A15: Total nitrogen in S. alterniflora soil samples. 
5/8/2012 
Sample 
code Replicate 
mg 
sample Area mg N 
 
SS1 1 5 2179.43 0.041 
  
 
2 5 2074.89 0.038 
    3 5 2098.99 0.039 
  SS2 1 5 2311.08 0.046 
  
 
2 5 2359.11 0.047 
    3 5 2215.99 0.043 
  SS3 1 
Burnt 
sample 
 
#VALUE! 
  
 
2 Burnt sample #VALUE! 
    3 
Burnt 
sample 
 
#VALUE! 
 
NS1 1 5 2012.68 0.036 
  
2 5 2039.97 0.037 
 
  3 5 2059.29 0.038 
 
NS2 1 5 2263.31 0.044 
  
2 5 2174.15 0.041 
 
  3 5 2327.54 0.046 
 
NS3 1 
Burnt 
sample 
 
#VALUE! 
  
2 Burnt sample #VALUE! 
    3 
Burnt 
sample 
 
#VALUE! 
  GS1 1 5 1932.79 0.033 
  
 
2 5 1913.28 0.033 
    3 5 1725.91 0.027 
  GS2 1 5 1584.67 0.022 
  
 
2 5 1589.64 0.022 
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    3 5 1546.86 0.021 
2/8/2012 
     
 
SS1 1 5 2391.50 0.048 
  
 
2 5 2059.25 0.038 
    3 5 2003.51 0.036 
  SS2 1 5 1455.81 0.018 
  
 
2 5 2212.74 0.042 
    3 5 1753.14 0.028 
  SS3 1 5 2599.74 0.055 
  
 
2 5 2993.79 0.068 
    3 5 3228.82 0.075 
  NS1 1 5 1909.87 0.033 
  
 
2 5 1845.57 0.031 
    3 5 1874.74 0.032 
  NS2 1 5 2200.56 0.042 
  
 
2 5 2222.29 0.043 
    3 5 2186.27 0.042 
  NS3 1 5 1847.47 0.031 
  
 
2 5 1608.17 0.023 
    3 5 1698.52 0.026 
  GS1 1 5 2267.02 0.044 
  
 
2 5 2097.62 0.039 
    3 5 2256.43 0.044 
  GS2 1 5 2020.65 0.036 
  
 
2 5 2182.18 0.041 
    3 5 2105.69 0.039 
  GS3 1 5 1887.25 0.032 
  
 
2 5 1922.81 0.033 
    3 5 1770.10 0.028 
9/23/2011 
       SS1 1 5 2534.21 0.053 
  
 
2 5 2361.81 0.047 
    3 5 2444.77 0.050 
  SS2 1 5 1793.69 0.029 
  
 
2 5 1919.76 0.033 
    3 5 1938.71 0.034 
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  SS3 1 5 1605.30 0.023 
  
 
2 5 1021.93 0.004 
    3 5 1635.32 0.024 
  GS1 1 5 1740.26 0.027 
  
 
2 5 1807.08 0.029 
    3 5 1814.10 0.030 
  GS2 1 5 2011.23 0.036 
  
 
2 5 1906.85 0.033 
    3 5 1767.54 0.028 
  GS3 1 5 2120.82 0.039 
  
 
2 5 2040.88 0.037 
    3 5 1985.61 0.035 
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Appendix E: Plant and Soil Total Phosphorus Raw Data 
 
Table A16: Total phosphorus in R. mangle plant samples. 
 
5/8/2012 Sample code 
mg 
sample Absorbance mg/L P mg P 
 
SM1 1 10.96 0.272 0.325 0.016 
  
 
2 14.35 0.355 0.435 0.022 
    3 14.52 0.325 0.395 0.020 
  SM2 1 11.11 0.213 0.246 0.012 
  
 
2 14.04 0.250 0.296 0.015 
    3 13.09 0.249 0.294 0.015 
  SM3 1 11.08 0.196 0.224 0.011 
  
 
2 14.81 0.288 0.346 0.017 
    3 12.25 0.251 0.297 0.015 
  NM1 1 11.61 0.295 0.355 0.018 
  
 
2 14.07 0.351 0.430 0.022 
    3 13.25 0.355 0.435 0.022 
  NM2 1 14.55 0.402 0.498 0.025 
  
 
2 10.89 0.273 0.326 0.016 
    3 11.04 0.320 0.389 0.019 
  NM3 1 10.77 0.270 0.322 0.016 
  
 
2 14.58 0.403 0.499 0.025 
    3 11.13 0.325 0.395 0.020 
  GM1 1 13.41 0.200 0.229 0.011 
  
 
2 13.64 0.212 0.245 0.012 
    3 13.85 0.205 0.236 0.012 
  GM2 1 10.69 0.162 0.178 0.009 
  
 
2 11.12 0.176 0.197 0.010 
    3 11.95 0.195 0.222 0.011 
  GM3 1 11.96 0.206 0.237 0.012 
  
 
2 13.85 0.223 0.260 0.013 
    3 14.50 0.246 0.290 0.015 
  NM1* 1 12.77 0.260 0.343 0.017 
  
 
2 12.21 0.221 0.284 0.014 
    3 12.33 0.215 0.275 0.014 
  NM2* 1 11.69 0.242 0.316 0.016 
  
 
2 12.20 0.216 0.277 0.014 
    3 10.65 0.205 0.260 0.013 
  NM3* 1 12.05 0.180 0.222 0.011 
  
 
2 10.78 0.169 0.205 0.010 
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    3 13.32 0.209 0.266 0.013 
  SM1* 1 13.66 0.193 0.237 0.012 
  
 
2 11.26 0.173 0.207 0.010 
    3 10.38 0.146 0.168 0.008 
  SM2* 1 10.40 0.271 0.350 0.018 
  
 
2 11.11 0.311 0.409 0.020 
    3 11.88 0.332 0.439 0.022 
  SM3* 1 11.93 0.227 0.286 0.014 
  
 
2 13.28 0.318 0.419 0.021 
    3 13.92 0.268 0.346 0.017 
2/8/2012 Sample code 
mg 
sample Absorbance mg/L P mg P 
 
SM1 1 10.93 0.312 0.383 0.019 
  
 
2 13.25 0.364 0.460 0.023 
    3 14.08 0.412 0.532 0.027 
  SM2 1 10.08 0.324 0.401 0.020 
  
 
2 11.79 0.343 0.429 0.021 
    3 10.82 0.281 0.337 0.017 
  SM3 1 10.80 0.291 0.352 0.018 
  
 
2 11.88 0.324 0.401 0.020 
    3 12.18 0.352 0.443 0.022 
  NM1 1 13.19 0.264 0.312 0.016 
  
 
2 12.42 0.287 0.346 0.017 
    3 12.70 0.251 0.293 0.015 
  NM2 1 14.16 0.342 0.428 0.021 
  
 
2 10.33 0.299 0.364 0.018 
    3 10.83 0.317 0.391 0.020 
  NM3 1 10.48 0.276 0.330 0.016 
  
 
2 13.16 0.337 0.420 0.021 
    3 10.59 0.295 0.358 0.018 
  GM1 1 13.11 0.268 0.318 0.016 
  
 
2 11.64 0.233 0.266 0.013 
    3 12.83 0.274 0.327 0.016 
  GM2 1 11.24 0.233 0.266 0.013 
  
 
2 13.96 0.282 0.339 0.017 
    3 11.82 0.219 0.245 0.012 
  GM3 1 12.13 0.323 0.400 0.020 
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2 13.66 0.385 0.492 0.025 
    3 10.75 0.302 0.368 0.018 
  NM1* 1 13.03 0.229 0.260 0.013 
  
 
2 13.00 0.247 0.287 0.014 
    3 13.55 0.236 0.270 0.014 
  NM2* 1 12.76 0.250 0.291 0.015 
  
 
2 10.71 0.211 0.233 0.012 
    3 13.34 0.218 0.244 0.012 
  NM3* 1 14.72 0.229 0.260 0.013 
  
 
2 12.04 0.218 0.244 0.012 
    3 11.62 0.219 0.245 0.012 
  SM1* 1 12.27 0.260 0.343 0.017 
  
 
2 11.41 0.235 0.305 0.015 
    3 10.43 0.284 0.380 0.019 
  SM2* 1 13.15 0.327 0.445 0.022 
  
 
2 10.28 0.261 0.345 0.017 
    3 10.26 0.258 0.340 0.017 
  SM3* 1 10.69 0.185 0.230 0.011 
  
 
2 12.77 0.329 0.448 0.022 
    3 11.60 0.269 0.357 0.018 
      
  
9/23/2012 
    
  
 
 
SM1 1 11.70 0.265 0.318 0.016 
  
 
2 13.97 0.390 0.503 0.025 
    3 11.11 0.208 0.233 0.012 
  SM2 1 14.27 0.375 0.481 0.024 
  
 
2 13.59 0.353 0.448 0.022 
    3 11.87 0.311 0.386 0.019 
  SM3 1 11.40 0.227 0.261 0.013 
  
 
2 10.19 0.244 0.287 0.014 
    3 11.62 0.259 0.309 0.015 
  NM1 1 13.24 0.264 0.316 0.016 
  
 
2 10.71 0.225 0.258 0.013 
    3 10.15 0.177 0.187 0.009 
  NM2 1 12.86 0.414 0.539 0.027 
  
 
2 11.28 0.357 0.454 0.023 
    3 11.08 0.392 0.506 0.025 
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  NM3 1 10.97 0.256 0.304 0.015 
  
 
2 11.90 0.287 0.350 0.018 
    3 11.76 0.323 0.404 0.020 
  GM1 1 11.92 0.312 0.385 0.019 
  
 
2 12.71 0.301 0.371 0.019 
    3 10.99 0.274 0.336 0.017 
  GM2 1 10.19 0.226 0.274 0.014 
  
 
2 10.48 0.258 0.315 0.016 
    3 10.51 0.240 0.292 0.015 
  GM3 1 14.11 0.299 0.368 0.018 
  
 
2 13.42 0.294 0.362 0.018 
    3 10.75 0.234 0.284 0.014 
       8/31/2012 1 year control 
   
  
  GM1 1 10.80 0.155 0.259 0.013 
  
 
2 13.18 0.213 0.336 0.017 
    3 13.49 0.192 0.308 0.015 
  GM2 1 11.01 0.163 0.269 0.013 
  
 
2 12.35 0.179 0.291 0.015 
    3 12.44 0.173 0.283 0.014 
  GM3 1 10.53 0.191 0.306 0.015 
  
 
2 11.26 0.191 0.306 0.015 
    3 10.54 0.170 0.279 0.014 
 
Table A17: Total phosphorus in J. romerianus plant samples. 
 
5/8/2012 Sample code 
mg 
sample Absorbance 
mg/L 
P mg P 
 
SJ1 1 10.01 0.307 0.371 0.019 
  
 
2 10.15 0.337 0.410 0.021 
    3 11.39 0.358 0.438 0.022 
  SJ2 1 11.34 0.355 0.434 0.022 
  
 
2 12.93 0.396 0.489 0.024 
    3 12.37 0.375 0.461 0.023 
  SJ3 1 11.28 0.365 0.448 0.022 
  
 
2 10.29 0.346 0.422 0.021 
    3 11.33 0.390 0.481 0.024 
  NJ1 1 14.83 0.442 0.550 0.028 
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2 11.39 0.339 0.413 0.021 
    3 10.43 0.309 0.373 0.019 
  NJ2 1 14.66 0.418 0.518 0.026 
  
 
2 12.71 0.297 0.357 0.018 
    3 13.65 0.385 0.474 0.024 
  NJ3 1 10.45 0.257 0.304 0.015 
  
 
2 11.48 0.377 0.464 0.023 
    3 13.78 0.357 0.437 0.022 
  GJ1 1 12.45 0.167 0.194 0.010 
  
 
2 10.67 0.131 0.140 0.007 
    3 13.02 0.131 0.140 0.007 
  GJ2 1 14.27 0.234 0.295 0.015 
  
 
2 11.53 0.198 0.241 0.012 
    3 12.11 0.198 0.241 0.012 
  GJ3 1 12.19 0.180 0.214 0.011 
  
 
2 10.37 0.128 0.136 0.007 
    3 11.65 0.143 0.158 0.008 
       
       
2/8/2012 Sample code 
mg 
sample Absorbance 
mg/L 
P mg P 
 
SJ1 1 11.61 0.237 0.239 0.012 
  
 
2 12.58 0.264 0.276 0.014 
    3 10.74 0.192 0.177 0.009 
  SJ2 1 11.12 0.198 0.185 0.009 
  
 
2 11.62 0.268 0.281 0.014 
    3 10.35 0.242 0.246 0.012 
  SJ3 1 12.62 0.363 0.412 0.021 
  
 
2 12.70 0.356 0.403 0.020 
    3 11.40 0.321 0.354 0.018 
  NJ1 1 11.40 0.219 0.214 0.011 
  
 
2 10.80 0.216 0.210 0.010 
    3 12.02 0.248 0.254 0.013 
  NJ2 1 11.29 0.220 0.215 0.011 
  
 
2 10.84 0.266 0.279 0.014 
    3 10.99 0.248 0.254 0.013 
  NJ3 1 11.92 0.280 0.298 0.015 
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2 12.62 0.290 0.312 0.016 
    3 10.01 0.239 0.242 0.012 
  GJ1 1 11.17 0.276 0.292 0.015 
  
 
2 13.00 0.311 0.341 0.017 
    3 12.72 0.292 0.314 0.016 
  GJ2 1 12.61 0.203 0.192 0.010 
  
 
2 10.52 0.214 0.207 0.010 
    3 14.05 0.271 0.286 0.014 
  GJ3 1 10.34 0.172 0.149 0.007 
  
 
2 12.34 0.240 0.243 0.012 
    3 12.86 0.217 0.211 0.011 
  NJ1* 1 Not enough sample -0.087 -0.004 
  
 
2 Not enough sample -0.087 -0.004 
    3 Not enough sample -0.087 -0.004 
  NJ2* 1 Not enough sample -0.087 -0.004 
  
 
2 Not enough sample -0.087 -0.004 
    3 Not enough sample -0.087 -0.004 
       
9/23/2012 Sample code 
mg 
sample Absorbance 
mg/L 
P mg P 
 
SJ1 1 11.26 0.299 0.367 0.018 
  
 
2 14.90 0.443 0.563 0.028 
    3 14.05 0.445 0.566 0.028 
  SJ2 1 10.44 0.334 0.415 0.021 
  
 
2 11.26 0.394 0.496 0.025 
    3 10.60 0.380 0.477 0.024 
  SJ3 1 12.18 0.436 0.554 0.028 
  
 
2 12.71 0.437 0.555 0.028 
    3 13.67 0.433 0.550 0.027 
  NJ1 1 14.32 0.458 0.584 0.029 
  
 
2 11.26 0.352 0.439 0.022 
    3 10.09 0.354 0.442 0.022 
  NJ2 1 11.94 0.344 0.428 0.021 
  
 
2 13.07 0.324 0.401 0.020 
    3 12.67 0.372 0.466 0.023 
  NJ3 1 11.59 0.312 0.385 0.019 
  
 
2 11.82 0.321 0.397 0.020 
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    3 14.70 0.375 0.471 0.024 
  GJ1 1 10.43 0.227 0.275 0.014 
  
 
2 10.48 0.232 0.282 0.014 
    3 11.59 0.260 0.318 0.016 
  GJ2 1 10.13 0.270 0.331 0.017 
  
 
2 10.79 0.273 0.335 0.017 
    3 11.03 0.253 0.309 0.015 
  GJ3 1 12.21 0.286 0.351 0.018 
  
 
2 11.90 0.280 0.344 0.017 
    3 10.39 0.275 0.337 0.017 
 
Table A18: Total phosphorus in S. alterniflora plant samples. 
 
5/8/2012 Sample code mg sample Area mg/L P mg P 
 
SS1 1 12.20 0.351 0.418 0.021 
  
 
2 13.20 0.230 0.282 0.014 
    3 10.90 0.323 0.386 0.019 
  SS2 1 11.30 0.597 0.696 0.035 
  
 
2 11.70 0.570 0.665 0.033 
    3 10.90 0.382 0.453 0.023 
  SS3 1 15.00 0.797 0.921 0.046 
  
 
2 11.00 0.610 0.710 0.036 
    3 14.50 0.734 0.850 0.043 
  NS1 1 13.50 0.553 0.795 0.040 
  
 
2 13.20 0.521 0.747 0.037 
    3 12.60 0.627 0.906 0.045 
  NS2 1 13.70 0.562 0.808 0.040 
  
 
2 13.30 0.625 0.903 0.045 
    3 12.90 0.526 0.754 0.038 
  NS3 1 13.40 0.581 0.837 0.042 
  
 
2 12.30 0.517 0.741 0.037 
    3 12.00 0.487 0.696 0.035 
  GS1 1 12.30 0.319 0.444 0.022 
  
 
2 12.50 0.324 0.452 0.023 
    3 12.50 0.379 0.534 0.027 
  GS2 1 19.90 0.276 0.380 0.019 
  
 
2 12.10 0.280 0.386 0.019 
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    3 13.50 0.294 0.407 0.020 
  GS3 1 13.60 0.340 0.476 0.024 
  
 
2 12.70 0.356 0.500 0.025 
    3 12.70 0.258 0.353 0.018 
2/8/2012 
      
 
SS1 1 10.46 0.400 0.457 0.023 
  
 
2 13.09 0.506 0.575 0.029 
    3 14.28 0.485 0.552 0.028 
  SS2 1 13.71 0.405 0.462 0.023 
  
 
2 14.62 0.430 0.490 0.025 
    3 12.76 0.342 0.392 0.020 
  SS3 1 12.84 0.427 0.487 0.024 
  
 
2 13.76 0.564 0.640 0.032 
    3 10.75 0.449 0.511 0.026 
  NS1 1 12.16 0.499 0.567 0.028 
  
 
2 10.38 0.398 0.454 0.023 
    3 10.76 0.488 0.555 0.028 
  NS2 1 14.55 0.567 0.643 0.032 
  
 
2 11.58 0.502 0.571 0.029 
    3 11.73 0.457 0.520 0.026 
  NS3 1 11.88 0.334 0.383 0.019 
  
 
2 11.69 0.343 0.393 0.020 
    3 11.84 0.354 0.405 0.020 
  GS1 1 12.24 0.445 0.507 0.025 
  
 
2 11.58 0.349 0.400 0.020 
    3 10.64 0.344 0.394 0.020 
  GS2 1 12.08 0.408 0.466 0.023 
  
 
2 12.85 0.380 0.434 0.022 
    3 13.45 0.382 0.436 0.022 
  GS3 1 10.11 0.320 0.367 0.018 
  
 
2 13.91 0.138 0.164 0.008 
    3 14.69 0.476 0.542 0.027 
9/23/2012 
      No S. alterniflora samples taken from South bed this day, had been removed from 
system by APF due to disease 
  SS1 1 11.26 0.299 0.367 0.018 
  
 
2 14.90 0.443 0.563 0.028 
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    3 14.05 0.445 0.566 0.028 
  SS2 1 10.44 0.334 0.415 0.021 
  
 
2 11.26 0.394 0.496 0.025 
    3 10.60 0.380 0.477 0.024 
  SS3 1 12.18 0.436 0.554 0.028 
  
 
2 12.71 0.437 0.555 0.028 
    3 13.67 0.433 0.550 0.027 
  GS1 1 14.32 0.458 0.584 0.029 
  
 
2 11.26 0.352 0.439 0.022 
    3 10.09 0.354 0.442 0.022 
  GS2 1 11.94 0.344 0.428 0.021 
  
 
2 13.07 0.324 0.401 0.020 
    3 12.67 0.372 0.466 0.023 
  GS3 1 11.59 0.312 0.385 0.019 
  
 
2 11.82 0.321 0.397 0.020 
    3 14.70 0.375 0.471 0.024 
 
Table A19: Total phosphorus in R. mangle soil samples. 
 
5/8/2012 Sample code mg sample Absorbance mg/L P mg P 
 
SM1 1 12.76 0.171 0.280 0.014 
  
 
2 13.95 0.243 0.376 0.019 
    3 11.64 0.198 0.316 0.016 
  SM2 1 12.94 0.216 0.340 0.017 
  
 
2 14.27 0.247 0.381 0.019 
    3 12.38 0.269 0.410 0.021 
  SM3 1 10.28 0.253 0.389 0.019 
  
 
2 11.39 0.227 0.354 0.018 
    3 13.00 0.401 0.586 0.029 
  NM1 1 Burnt Sample 
 
0.000 
  
 
2 Burnt Sample 
 
0.000 
    3 Burnt Sample   0.000 
  NM2 1 Burnt Sample 
 
0.000 
  
 
2 Burnt Sample 
 
0.000 
    3 Burnt Sample   0.000 
  NM3 1 12.34 0.027 0.088 0.004 
  
 
2 12.08 0.044 0.111 0.006 
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    3 11.66 0.037 0.101 0.005 
  GM1 1 10.43 0.016 0.073 0.004 
  
 
2 11.04 0.014 0.071 0.004 
    3 11.63 0.032 0.095 0.005 
  GM2 1 11.52 0.017 0.075 0.004 
  
 
2 11.38 0.020 0.079 0.004 
    3 10.99 0.032 0.095 0.005 
  GM3 1 11.55 0.018 0.076 0.004 
  
 
2 13.79 0.023 0.083 0.004 
    3 11.51 0.024 0.084 0.004 
  NM1* 1 12.83 0.041 0.021 0.001 
  
 
2 10.72 0.031 0.008 0.000 
    3 13.03 0.048 0.030 0.002 
  NM2* 1 10.29 0.047 0.029 0.001 
  
 
2 10.55 0.049 0.032 0.002 
    3 11.19 0.052 0.036 0.002 
  NM3* 1 12.63 0.051 0.034 0.002 
  
 
2 13.25 0.047 0.029 0.001 
    3 10.03 0.047 0.029 0.001 
  SM1* 1 14.41     0.000 
  
 
2 13.03 
  
0.000 
    3 13.74 
  
0.000 
  SM2* 1 12.80     0.000 
  
 
2 13.14 
  
0.000 
    3 13.22     0.000 
  SM3* 1 14.39     0.000 
  
 
2 13.22 
  
0.000 
    3 14.39     0.000 
2/8/2012 Sample code mg sample Absorbance mg/L P mg P 
 
SM1 1 13.12 0.066 0.079 0.004 
  
 
2 11.23 0.073 0.089 0.004 
    3 14.37 0.076 0.094 0.005 
  SM2 1 12.80 0.081 0.101 0.005 
  
 
2 12.91 0.093 0.118 0.006 
    3 11.74 0.074 0.091 0.005 
  SM3 1 11.02 0.225 0.305 0.015 
  
 
2 13.12 0.254 0.346 0.017 
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    3 13.77 0.253 0.344 0.017 
  NM1 1 13.18 0.063 0.050 0.003 
  
 
2 11.42 0.053 0.037 0.002 
    3 10.75 0.051 0.034 0.002 
  NM2 1 10.82 0.138 0.150 0.007 
  
 
2 11.16 0.122 0.128 0.006 
    3 11.48 0.119 0.124 0.006 
  NM3 1 14.20 0.207 0.241 0.012 
  
 
2 11.50 0.177 0.201 0.010 
    3 14.10 0.191 0.220 0.011 
  GM1 1 11.94 0.035 0.013 0.001 
  
 
2 12.02 0.030 0.006 0.000 
    3 10.67 0.027 0.003 0.000 
  GM2 1 11.83 0.063 0.050 0.003 
  
 
2 12.51 0.082 0.075 0.004 
    3 13.06 0.081 0.074 0.004 
  GM3 1 13.42 0.098 0.097 0.005 
  
 
2 13.61 0.116 0.120 0.006 
    3 10.52 0.103 0.103 0.005 
  NM1* 1 11.17 0.032 0.009 0.000 
  
 
2 12.43 0.046 0.028 0.001 
    3 11.78 0.030 0.006 0.000 
  NM2* 1 10.41 0.032 0.009 0.000 
  
 
2 13.79 0.034 0.012 0.001 
    3 11.29 0.029 0.005 0.000 
  NM3* 1 10.64 0.030 0.006 0.000 
  
 
2 10.24 0.033 0.010 0.001 
    3 12.09 0.039 0.018 0.001 
  SM1* 1 13.48 0.067 0.056 0.003 
  
 
2 10.43 0.043 0.024 0.001 
    3 13.57 0.055 0.040 0.002 
  SM2* 1 14.02 0.071 0.061 0.003 
  
 
2 13.43 0.054 0.038 0.002 
    3 10.18 0.041 0.021 0.001 
  SM3* 1 10.10 0.040 0.020 0.001 
  
 
2 10.74 0.049 0.032 0.002 
    3 13.07 0.047 0.029 0.001 
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9/23/2012 Sample code mg sample Absorbance mg/L P mg P 
 
SM1 1 Missing Sample   #DIV/0! 
  
 
2 Missing Sample 
 
#DIV/0! 
    3 Missing Sample   #DIV/0! 
  SM2 1 Missing Sample   #DIV/0! 
  
 
2 Missing Sample 
 
#DIV/0! 
    3 Missing Sample   #DIV/0! 
  SM3 1 Missing Sample   #DIV/0! 
  
 
2 Missing Sample 
 
#DIV/0! 
    3 Missing Sample   #DIV/0! 
  NM1 1 11.22 0.039 0.008 0.000 
  
 
2 11.10 0.043 0.014 0.001 
    3 13.10 0.059 0.038 0.002 
  NM2 1 Missing Sample   0.000 
  
 
2 Missing Sample 
 
0.000 
    3 Missing Sample   0.000 
  NM3 1 13.67 0.048 0.022 0.001 
  
 
2 10.79 0.040 0.010 0.000 
    3 13.02 0.053 0.029 0.001 
  GM1 1 11.53 0.064 0.046 0.002 
  
 
2 12.31 0.055 0.032 0.002 
    3 13.22 0.034 0.000 0.000 
  GM2 1 12.70 0.061 0.041 0.002 
  
 
2 11.28 0.063 0.044 0.002 
    3 13.04 0.086 0.079 0.004 
  GM3 1 13.42 0.038 0.007 0.000 
  
 
2 10.76 0.043 0.014 0.001 
  
 
3 12.38 0.054 0.031 0.002 
8/31/2012 1 year control 
      GM1 1 11.94 0.025 0.085 0.004 
  
 
2 11.41 0.020 0.079 0.004 
    3 12.12 0.025 0.085 0.004 
  GM2 1 10.43 0.015 0.072 0.004 
  
 
2 10.37 0.022 0.081 0.004 
    3 13.47 0.023 0.083 0.004 
  GM3 1 10.82 0.025 0.085 0.004 
  
 
2 12.20 0.028 0.089 0.004 
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    3 11.29 0.036 0.100 0.005 
 
Table A20: Total phosphorus in J. romerianus soil samples. 
 
5/8/2012 Sample code mg sample Area mg/L P mg P 
 
SJ1 1 Burnt sample   0.000 
  
 
2 Burnt sample 
 
0.000 
    3 Burnt sample 
 
0.000 
  SJ2 1 Burnt sample   0.000 
  
 
2 Burnt sample 
 
0.000 
    3 Burnt sample   0.000 
  SJ3 1 Burnt sample   0.000 
  
 
2 Burnt sample 
 
0.000 
    3 Burnt sample   0.000 
  NJ1 1 Burnt sample   0.000 
  
 
2 Burnt sample 
 
0.000 
    3 Burnt sample   0.000 
  NJ2 1 Burnt sample   0.000 
  
 
2 Burnt sample 
 
0.000 
    3 Burnt sample   0.000 
  NJ3 1 12.50 0.527 0.476 0.024 
  
 
2 11.77 0.560 0.509 0.025 
    3 10.22 0.362 0.311 0.016 
  GJ1 1 12.73 0.149 0.164 0.008 
  
 
2 11.59 0.180 0.205 0.010 
    3 11.60 0.125 0.132 0.007 
  GJ2 1 11.06 0.189 0.217 0.011 
  
 
2 12.59 0.225 0.265 0.013 
    3 12.25 0.200 0.232 0.012 
  GJ3 1 11.41 0.173 0.196 0.010 
  
 
2 10.67 0.133 0.143 0.007 
    3 10.11 0.127 0.135 0.007 
2/8/2012 Sample code mg sample Absorbance mg/L P mg P 
 
SJ1 1 Not enough sample -0.029 
  
 
2 Not enough sample -0.029 
    3 Not enough sample  -0.029 
  SJ2 1 10.17 0.490 0.640 0.032 
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2 11.62 0.487 0.636 0.032 
    3 11.90 0.565 0.762 0.038 
  SJ3 1 12.11 0.647 0.894 0.045 
  
 
2 12.98 0.593 0.807 0.040 
    3 10.24 0.571 0.771 0.039 
  NJ1 1 10.04 0.702 0.983 0.049 
  
 
2 11.62 0.684 0.954 0.048 
    3 11.55 0.722 1.016 0.051 
  NJ2 1 11.48 0.790 1.125 0.056 
  
 
2 12.82 0.768 1.090 0.054 
    3 11.32 0.603 0.823 0.041 
  NJ3 1 10.39 0.865 1.247 0.062 
  
 
2 11.72 0.902 1.307 0.065 
    3 10.79 1.005 1.473 0.074 
  GJ1 1 11.62 0.177 0.134 0.007 
  
 
2 10.17 0.158 0.103 0.005 
    3 10.44 0.150 0.091 0.005 
  GJ2 1 11.03 0.152 0.094 0.005 
  
 
2 11.67 0.142 0.078 0.004 
    3 11.50 0.166 0.116 0.006 
  GJ3 1 12.26 0.293 0.322 0.016 
  
 
2 10.25 0.252 0.255 0.013 
    3 12.90 0.294 0.323 0.016 
  NJ1* 1 Not enough sample 0.000 
  
 
2 Not enough sample 0.000 
    3 Not enough sample 0.000 
  NJ2* 1 Not enough sample 0.000 
  
 
2 Not enough sample 0.000 
    3 Not enough sample 0.000 
       9/23/2012 
      
 
SJ1 1 12.35 0.250 0.328 0.016 
  
 
2 10.22 0.270 0.359 0.018 
    3 10.61 0.337 0.460 0.023 
  SJ2 1 11.81 0.154 0.183 0.009 
  
 
2 12.69 0.166 0.201 0.010 
    3 10.31 0.110 0.116 0.006 
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  SJ3 1 12.00 0.502 0.711 0.036 
  
 
2 12.54 0.421 0.588 0.029 
    3 13.65 0.469 0.661 0.033 
  NJ1 1 13.17 0.491 0.694 0.035 
  
 
2 11.56 0.497 0.703 0.035 
    3 11.26 0.612 0.878 0.044 
  NJ2 1 11.29 0.205 0.260 0.013 
  
 
2 12.80 0.179 0.220 0.011 
    3 10.80 0.221 0.284 0.014 
  NJ3 1 11.15 0.185 0.230 0.011 
  
 
2 12.32 0.209 0.266 0.013 
    3 11.27 0.194 0.243 0.012 
  GJ1 1 12.20 0.192 0.240 0.012 
  
 
2 12.11 0.177 0.217 0.011 
    3 10.41 0.184 0.228 0.011 
  GJ2 1 11.02 0.169 0.205 0.010 
  
 
2 12.14 0.152 0.180 0.009 
    3 13.12 0.118 0.128 0.006 
  GJ3 1 13.54 0.214 0.274 0.014 
  
 
2 10.69 0.106 0.110 0.005 
    3 11.63 0.210 0.268 0.013 
 
Table A21: Total phosphorus in S. alterniflora soil samples. 
 
5/8/2012 Sample code mg sample Absorbance mg/L P mg P 
 
SS1 1 11.29 0.214 0.250 0.013 
  
 
2 11.36 0.266 0.319 0.016 
    3 12.37 0.272 0.327 0.016 
  SS2 1 10.26 0.499 0.628 0.031 
  
 
2 12.59 0.660 0.842 0.042 
    3 10.42 0.611 0.777 0.039 
  SS3 1 Burnt Sample -0.033 -0.002 
  
 
2 Burnt Sample -0.033 -0.002 
    3 Burnt Sample  -0.033 -0.002 
 
NS1 1 11.4 0.326 0.399 0.020 
  
2 11.33 0.333 0.408 0.020 
    3 10.84 0.332 0.407 0.020 
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  NS2 1 10.24 0.474 0.595 0.030 
  
 
2 10.26 0.390 0.484 0.024 
    3 10.01 0.364 0.449 0.022 
 
NS3 1   
 
-0.033 -0.002 
  
2 
  
-0.033 -0.002 
    3     -0.033 -0.002 
  GS1 1 11.39 0.176 0.200 0.010 
  
 
2 12.17 0.282 0.341 0.017 
    3 11.21 0.215 0.252 0.013 
  GS2 1 10.58 0.139 0.151 0.008 
  
 
2 10.23 0.140 0.152 0.008 
    3 11.27 0.160 0.179 0.009 
 
GS3 1     -0.033 -0.002 
  
2 
  
-0.033 -0.002 
    3     -0.033 -0.002 
2/8/2012 Sample code mg sample Absorbance mg/L P mg P 
 
SS1 1 13.28 0.499 0.693 0.035 
  
 
2 11.22 0.420 0.581 0.029 
    3 10.16 0.397 0.549 0.027 
  SS2 1 12.52 0.763 1.067 0.053 
  
 
2 14.62 0.746 1.043 0.052 
    3 12.04 0.673 0.940 0.047 
  SS3 1 11.88 0.859 1.204 0.060 
  
 
2 11.15 0.682 0.953 0.048 
    3 11.68 0.810 1.134 0.057 
  NS1 1 10.35 0.082 0.102 0.005 
  
 
2 13.75 0.135 0.177 0.009 
    3 12.87 0.210 0.284 0.014 
  NS2 1 11.58 0.388 0.536 0.027 
  
 
2 13.91 0.551 0.767 0.038 
    3 14.72 0.624 0.870 0.044 
  NS3 1 10.16 0.106 0.136 0.007 
  
 
2 12.55 0.100 0.128 0.006 
    3 13.31 0.109 0.140 0.007 
  GS1 1 10.47 0.402 0.556 0.028 
  
 
2 11.08 0.437 0.605 0.030 
    3 10.04 0.361 0.498 0.025 
 166 
 
Appendix E: Continued 
 
Table A21: Continued. 
 
  GS2 1 11.02 0.156 0.207 0.010 
  
 
2 10.15 0.183 0.245 0.012 
    3 11.18 0.134 0.176 0.009 
  GS3 1 11.29 0.377 0.520 0.026 
  
 
2 10.24 0.327 0.449 0.022 
    3 14.08 0.455 0.631 0.032 
9/23/2012 
      No S. alterniflora samples taken from North bed this day, had been removed 
from system by APF due to disease 
  SS1 1 12.75 0.164 0.271 0.014 
  
 
2 11.69 0.162 0.268 0.013 
    3 12.57 0.170 0.279 0.014 
  SS2 1 11.02 0.033 0.096 0.005 
  
 
2 10.35 0.038 0.103 0.005 
    3 12.23 0.041 0.107 0.005 
  SS3 1 10.61 0.090 0.172 0.009 
  
 
2 13.08 0.115 0.205 0.010 
    3 10.88 0.139 0.237 0.012 
  GS1 1 13.48 0.458 0.662 0.033 
  
 
2 11.02 0.352 0.521 0.026 
    3 11.12 0.354 0.523 0.026 
  GS2 1 10.78 0.344 0.510 0.026 
  
 
2 10.82 0.324 0.484 0.024 
    3 12.56 0.372 0.547 0.027 
  GS3 1 11.12 0.312 0.468 0.023 
  
 
2 10.19 0.321 0.480 0.024 
    3 11.27 0.375 0.551 0.028 
 
 
 
 
 
  
 167 
 
Appendix F: Elemental Analysis Raw Data  
Table A22: Elemental analysis data from samples collected on 5/17/2011. 
 W1 W2 W3 W4 W5 W6 W7 
Mn 
(ppb) 11.4 1.0 32.8 17.0 34.6 0.3 0.1 
Ni 
(ppb) 26.6 32.1 32.7 31.1 28.3 26.5 26.4 
Se 
(ppb) 155.5 196.9 162.0 156.3 154.6 161.1 154.5 
Sr 
(ppb) 18657.5 24096.9 26473.0 20189.8 18739.8 19436.9 18682.7 
Cd 
(ppb) 0.1 0.2 0.1 0.1 0.1 0.1 0.1 
Li 
(ppb) 151.3 198.6 185.2 169.0 159.6 164.1 154.6 
Hg 
(ppb) 1.9 0.2 0.1 0.1 0.2 0.5 0.3 
Mo 
(ppb) 13.1 9.2 6.7 8.4 9.4 10.5 9.4 
Fe 
(ppb) 1511.8 1928.2 1824.0 1617.7 1535.7 1535.2 1489.9 
B 
(ppb) 1656.6 1887.7 1664.4 1844.5 1762.0 1846.2 1731.3 
La 
(ppb) 0.1 0.1 0.1 0.1 0.1 0.1 0.1 
Ce 
(ppb) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
 
Table A23: Elemental analysis data from samples collected on 6/24/2011. 
 
 W1 W2 W3 W4 W5 W6 W7 
Mn 
(ppb) 40.7 1.4 46.7 33.3 130.4 1.5 1.4 
Ni 
(ppb) 29.1 31.0 32.3 28.7 29.7 32.5 27.2 
Se 
(ppb) 132.5 159.6 141.9 130.7 131.3 110.6 136.0 
Sr 
(ppb) 21315.5 25529.7 23513.1 22474.2 22359.6 22380.8 22027.5 
Cd 
(ppb) 0.1 0.2 0.1 0.1 0.1 0.1 0.1 
Li 
(ppb) 143.2 172.3 162.3 156.1 150.7 157.8 148.9 
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Appendix F: Continued 
  
Table A23: Continued. 
Hg 
(ppb) 0.3 0.7 0.8 0.3 0.3 0.3 0.6 
Mo 
(ppb) 6.6 7.5 6.0 4.8 6.1 6.7 7.0 
Fe 
(ppb) 1547.7 1789.2 1740.5 1702.4 1772.4 1721.8 1612.1 
B 
(ppb) 1367.6 1633.2 1516.2 1547.6 1486.7 1578.0 1408.3 
La 
(ppb) 0.1 0.1 0.1 0.1 0.1 0.1 0.1 
Ce 
(ppb) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
 
Table A24: Elemental analysis data from samples collected 9/7/2011. 
 
 W1 W2 W3 W4 W5 W6 W7 
Mn 
(ppb) 87.3 2.1 45.0 137.6 100.1 1.2 0.4 
Ni 
(ppb) 31.3 34.3 32.0 31.3 35.8 33.1 30.3 
Se 
(ppb) 132.7 150.4 137.3 127.5 133.4 129.5 122.0 
Sr 
(ppb) 24564.4 32360.2 26404.1 25336.1 26102.1 25839.3 25373.1 
Cd 
(ppb) 0.0 0.0 0.1 0.1 0.0 0.1 0.1 
Li 
(ppb) 149.4 170.6 153.3 152.2 153.0 151.9 145.7 
Hg 
(ppb) 0.2 0.9 0.8 0.1 0.2 0.1 0.1 
Mo 
(ppb) 4.3 6.6 5.4 3.2 0.8 5.7 6.8 
Fe 
(ppb) 1630.9 1861.9 1649.4 1721.5 1778.2 1699.0 1651.2 
B 
(ppb) 1432.0 1378.1 1377.1 1382.7 1381.3 1379.4 1254.5 
La 
(ppb) 0.1 0.1 0.1 0.1 0.1 0.1 0.1 
Ce 
(ppb) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
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Appendix G: Copy Right Permissions 
G.1 Permission for Figures 2.2 and 2.4 
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G.2 Permission for Figure2.3 
 
 
